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The Amsler Horizontal Tensile Testing Machine 
has been designed for testing materials of small section 
or low tensile strength such as fine wires, foils, fibers, 
fabrics, paper, yarn, leather, rubber, etc. The long hori- 
zontal design permits easy access to all parts, unob- 
structed view of the specimen, convenient gripping me- 
chanisms and sufficient travel for specimens of great elon- 
gation such as rubber. 

All of the desirable features in a small testing machine 
are included, such as the highly accurate pendulum load 
weighing system, five load ranges for greatest sensitivity 
at all loads, and speed control variable through eight steps 
from 0.1 to 20 inches per minute. 

The tensile load applied is balanced by the deviation 
of the pendulum from the vertical position. The move- 
ment of the pendulum is indicated on a straight line scale 
located in front of the operator for easy reading. The 
pointer remains at the maximum load after fracture of 
the sample. The recording drum is located directly below 
the load scale. The recorder will plot the elongations as 
1/5 size, actual size or double size. 

A split nut arrangement on the pulling grip allows 
quick positioning of this grip to accommodate different 
length specimens. A wide variety of jaws and clamps are 
available for holding the different samples. 


The Chevenard Micro Tensile Testing Machine 
has been designed for testing materials of very low strength 
or of micro dimensions. Samples with a breaking strength 
as low as one gram (0.035 oz.) may be tested. The machine, 
however, is extremely versatile having a maximum capacity 
of 100,000 times the minimum capacity of 100 kg. (220 
Ibs.). This broad range is obtained by the use of inter- 
changeable dynamometer springs. The pulling speed can 
be varied between 6 and 300 mm. (0.24 and 12 in.) per 
minute. This is accomplished by the use of a variable speed 
motor and a sliding gear change box. 

Two interchangeable optical tripods utilizing a light 
beam and photographic recording provide the utmost 
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sensitivity in the measurement of elongation and the record 
ing of stress-strain curves. Specimens can be tested dry o1 
in a liquid bath and may be from 2 to 150 mm. (0.08 tc 
6.0 in.) between grips. The grips will accommodate speci 
mens up to 6 mm. (0.24 in.) wide. 

A micrometer and accessories are included for carrying 
out load-elongation cycles between two given values o 
elongation. The tester is also equipped with an automati: 
device for carrying out cycles between two given value: 
of the load. 

All of these features make the tester ideal for researc 
or control tests on wire or thin metal strip, natural o 
artificial fibers and textiles, threads, tissues, paper, films o: 
paint or varnish or similar materials. 


Prompt delivery on these machines can 
be made from stock now in U. S. A. 
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‘Meeting 


MAY, 1950 


23-Session Technical Program, Numerous 
Committee Meetings, Apparatus and Photo- 
graphic Exhibits to Feature 53rd Annual 


Diversified Program and Exhibits Will Attract Members During Week-Long Meeting 
at Atlantic City, June 26—30, Inclusive 


/ ae the detailed 
rovisional Program in this BULLETIN 
id last-minute news on the Apparatus 
1d Photographic Exhibits will give 
embers some idea of the features of 
ie Society’s 1950 (53rd) Annual Meet- 
g in Atlantic City, June 26-30, the 
st way of knowing just what an excel- 
nt meeting will be in progress, is to 
tend. That, of course, is what many 
mdreds of the Society’s members and 
mmittee members will be doing. It 
hoped that a great many members 
ho have not found it possible previously 

get to an Annual Meeting will do so 
is year. A very attractive program 
id other features are scheduled. 

All of the major functions will be at 
halfonte-Haddon Hall, but some com- 
ittee meetings may be scheduled at 
her nearby hotels. The Philadelphia 
istrict members are acting as hosts for 
e meeting, and they plan to have an- 


her interesting dinner and entertain- | 


ent on Wednesday night, June 28. 
his is distinctly a social period. Two 
isiness luncheons are scheduled at 
hich the President’s Address will be 
ven and MHonorary Memberships 
varded, 40- and 50-year Members 
eognized, and for the first time several 


Awards of Merit are expected to be 
given. These luncheons will be on 
Tuesday and Thursday. Further de- 
tails will be given all members. 

The 1950 Edgar Marburg Lecture 
which commemorates the name of the 
Society’s first secretary will again be of 
widespread interest. Dr. Wallace R. 
Brode, Associate Director, National 
Bureau of Standards, will cover spectros- 
copy. The use of various methods of 
spectrographic analysis is very wide- 
spread and new developments are taking 
place rapidly. 


Horet RESERVATIONS 


In April each member and committee 
member should have received from 
Headquarters a hotel reservation form 
providing for the sending of room re- 
quirements to Chalfonte-Haddon Hall, 
the headquarters hotel, which is also 
acting as a clearing house for accom- 
modations. With this circular material 
was an advance outline of the Annual 
Meeting sessions and meetings so that 
members could determine how long 
they wished to stay at the meeting. 
This year several of the metals commit- 
tees will be having committee meetings 
on Sunday in order that the intensive 


Are you interested in?: 
Fatigue—p. 60; 


Test Programs—p. 45; 
Die Castings Flow Calculations—p. 65; 


program, particularly on ferrous metals, 
can be concentrated in the early part of 
the week. 

Hotel reservations should be made 
promptly. The number of single rooms 
is limited and members are urged to 
share twin-bedded rooms. 


ComMITTEE MmpErincs 


There will NOT be sent out in advance 
of the meeting a detarled schedule of the 
technical commattee meetings. Hach com- 
mittee sends to its membership a schedule 
of its respective meetings. 

Usually final details of the times at 
which many of the technical committees 
will meet are not completed until early 
in June. This detailed information is 
provided in the final program for the 
meeting given to each member as he 
registers. However, with the circular 
letter dated April 24 there was a sum- 
mary of the days on which the major 
technical groups are expected to meet, 
and thus members could plan for their 
arrival and stay at the Annual Meeting. 

Members should look to the schedules 
they will receive from their respective 
committee officers for complete informa- 
tion on meetings and a time schedule. 


Statistical Analysis—p. 45, 48; Protective Coatings—p. 51, 53; 
Concrete Bond Measurements—p. 69. 
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PREPRINTS OF REPORTS AND PAPERS 


To each member in good standing 
there was mailed early in May a Pre- 
print Request Blank which he could 
mark and return to A.S.T.M. Head- 
quarters, thus making known his desire 
to have certain papers or reports that 
would be preprinted. This material 
probably will be mailed in three install- 
ments, the final one just before or dur- 
ing the Annual Meeting. Members 
attending the meeting can of course ob- 
tain, as they register, copies of pre- 
printed papers and reports, or abstracts 
of items that it was not possible to pre- 
print. Preprints will be distributed at 
the A.S.T.M. registration headquarters in 
Haddon Hail. 


ENTERTAINMENT FEATURES 


Arrangements for the entertainment 
features of the meeting again are being 
handled by the Philadelphia District 
Council, this District serving as the host 
for the meeting as it did in 1949. The 
programs arranged last year met with 
such favor on the part of members and 
their families that events along similar 
lines are scheduled, but with different 
individual features. The dinner on 
Wednesday night, June 28, will be de- 
void of any Society business. A pre- 
dinner cocktail party, and the dinner 
during which good music is in store, will 
be followed by an outstanding entertain- 
ment program arranged by one of 
Philadelphia’s leading amusement 
groups. This affair will take place in 
the Carolina Room at Chalfonte. 

The Ladies’ Program again will in- 
clude a tea with a palmist and other fea- 
tures, a game night including bridge 
and other games, and a special demon- 
stration and lecture by a du Pont special- 
ist on fabrics, clothing, and the like. 


Provisional Program 


A Study of the Provisional Pro- 
gram beginning on page 13 of this 
Bulletin is the best means for 
members to get a clear conception 
of just what sessions are planned 
and when. Synopses of the papers 
are provided and there are general 
statements on some of the sym- 
posiums. The final program avail- 
able at the A.S.T.M. registration 
desk on the lounge floor of Haddon 
Hall will contain the final details of 
the sessions, the Exhibits Directory, 
and include a complete schedule of 
all committee meetings, and give 
data on entertainment. Members 
will get the final program as they 
register. 


Other informal events may be arranged. 


Luncheons: 


In order to provide suitable occasions 
for the Annual President’s Address and 
various Society Awards, two luncheons 
are scheduled. This innovation in 1949 
worked out so well that it will be re- 
peated. While these luncheons are a 
part of the meeting program, many of 
the ladies attend. No technical work is 
transacted at the luncheons. Reserva- 
tion forms and further details will be 
given in a circular sent to members late 
in May. 


Personnel of Host Committee: 


The Philadelphia District Council, 
which is the administrative group for 
the District, has constituted itself as a 
local committee on arrangements. The 
officers of the Council and the members 
who are serving as chairmen of commit- 
tees are as follows: 


Chairman: A. O. Schaefer, Midvale 
Co. 

Vice-Chairman: E. J. Albert, Thwing- 
Albert Instrument Co. 

Vice-Chairman: E. K. Spring, Henry 
Disston & Sons, Inc. 

Secretary: Tinius Olsen, 2nd, Tinius 
Olsen Testing Machine Co. 

Dinner: E. J. Albert 

Entertaanment: L. Drew Betz, W. H. 
& L. D. Betz 

Ladies’ Program: Howard S. Phelps, 
The Philadelphia Electric Co. 

Finance: E. K. Spring 

Photographic Exhibit: L. Drew Betz 

Special Events: H. W. Stuart 


The informal Hostess Committee in- 
cludes the wives of the members of the 
District Council and of Headquarters 
Staff members. 

Each member and committee mem- 
ber will receive late in May as part of a 
special circular letter, details of the 
Ladies’ Program. The local committee 
is anxious to have advance information 
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on the number of ladies who will pz 
ticipate in the various events, and a1 
turn-form will provide a means 
securing this. 


SESSIONS—PAPERS Al 
REPORTS 


In addition to the 23 formal technic 
sessions, there will be an informal row 
table discussion on heavy forgings in g 
turbines sponsored by a panel of t 
Joint Committee on Effect of Temper 
ture on the Properties of Metals. 

There will be over sixty papers p1 
sented at the sessions—papers relati 
to the fields of the groups attending t 
sessions. 

Some of the topics to be covered int 
sessions are: 


TECHNICAL 


Corrosion and Erosion of Gas Turb: 
Materials (Symposium) 

Methods of Testing, Quality Conts 
Appearance, Metallography 

Effect of Sigma Phase on the Hi; 
Temperature Properties of Met 
(Symposium) 

Role of Non-Destructive Testing in | 
Economics of Production (Symposiui 

Chemical Spectroscopy (Marburg L 
ture) 

Effect of Temperature 

Testing Soils Under Triaxial Load. 
(Symposium ) 


THROUGH PULLMAN CARS | 
TO ATLANTIC CITY 


It is again possible to arrange fo\ 
through cars to Atlantic City. If theres 
are a sufficient number of A.S.T.My 
members from a particular area or rout#’ 
to occupy a Pullman car, arrangement? 
can be made over most lines to havi 
this car carried straight through té| 
Atlantic City. Those interead 
should consult their local tickel 

agency. || 


| 
If 
1h 


Spectroscopy of Non-Ferrous Metals 

Fatigue Testing 

Steel, Ferro Alloys, Chemical Analysis, 
Electrical Resistance Alloys 

Cement and Concrete, Roofing Ma- 
terials, Road Materials 

Identification and Classification of Soils 

Plasters, Adhesives, Shipping Containers 

Building Materials, Fire Tests of Ma- 
terials 

Cast and Malleable Iron, Corrosion of 
Ferrous and Non-ferrous Metals 

Industrial Water 

Petroleum Products, Fuels, Road Ma- 
terials, Rubber 


All told, there will be presented over 
ghty technical papers and informal 
1d formal discussions; a number of 
1ese will be preprinted in advance of 
ie Meeting. Later, most of the papers 
id discussions will be published in the 
roceedings, the ASTM Butietin, or in 
pecial Technical Publications. See 
le provisional program printed in this 
ULLETIN for times and places of the 
arious symposium papers and report 
ssions, 


as Turbine Materials: 


Under the auspices of the Joint Com- 
ittee on Effect of Temperature, this 
mposium on Monday afternoon is 
ade up of seven papers. The corro- 
on at high temperatures of metals due 
: coal or oil ash will be described as 
il the stress-rupture properties of 
aterials exposed to leaded gasoline 
‘oducts and nickel alloys exposed to 
Ifur dioxide atmospheres. Also, the 
fect of environment, in general, on 
ress-rupture properties at elevated 
mperatures will be surveyed. 

One paper describes the surprising 
agnitude of the hydrogenizing effect of 
sam and shows moisture in a heat 
2ating atrnosphere to be an important 
urce of embrittling quantities of hy- 
ogen. In another paper, studies have 
‘en made on the dependence of creep 
te on the surface condition of nickel. 
will be interesting to see if there is a 
rrelation as was observed in both the 
llycrystalline and monocrystalline 
ms of zinc. A related Discussion 
nel on Heavy Forgings in Gas Tur- 
nes will also be held, Tuesday morn- 


es 


fect of Sigma Phase: 


‘Also under the auspices of the Joint 
mmittee is the symposium on the 
fect of Sigma Phase on the High- 
smperature Properties of Metals. 
iere is much interest in the structure, 
currence, and effects of the sigma 
ase in austenitic steels. The various 
thors will show the effect of prolonged 
zh-temperature exposure on the struc- 
re and identification of various stain- 
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less steel types—especially those con- 


taining columbium and molybdenum. 
The mechanism of precipitation and 
resolution of sigma phase will be de- 
scribed. X-ray studies of the phase in 
various alloy systems will be presented. 
The effect of the sigma phase in various 
alloy systems on mechanical properties 
will also be discussed, including some of 
the cast forms of the alloys. On the 
behavior of stabilized 18-8 Cr-Ni steels 
In concentrated nitric acid, a paper will 
be given that describes the influence of 
sigma phase. 


Triaxial Load Testing of Soils: 


With 10 papers constituting the 
symposium, this relatively new topic of 
significance will be greatly expanded. 
The effort is under the auspices of Com- 
mittee D-18 on Soils. The interpreta- 
tion of triaxial compression test data as 
well as their applications will be dis- 
cussed by the various authors. In one 
paper, an apparatus for conducting the 
test on large soil specimens is described. 
The application to highway materials, 
including asphaltic and subgrade mix- 
tures will be covered in other papers, as 
well as the adaptation to flexible bases 
and foundations. Emphasizing design 
of asphalt highways, flexible pavement 
performance studies have been made 
and the results will be presented. New 
developments for partially saturated 
soils will also be outlined. The shear 
characteristics of remolded earth ma- 
terials will be described. 


Identification and Classification of Soils: 


Four—possibly six—papers will con- 
stitute a symposium on soil classifica- 
tion. Since the soil engineer must 
reliably know with what soil he is deal- 
ing and with what controlling conditions 


he is faced when he builds some struc- 
ture on that soil, he must have available 
for his use an identification and classi- 
fication system that is accurate and 
which has been developed with cogni- 
zance of the inherently complex nature 
Realizing this, 
Committee D-18 on Soils has been pre- 
paring this symposium carefully, to 
attempt a presentation of the ideas, and 
data, of the best minds concerned with 
this problem. Emphasis will be placed 
on the use of soil identification and 
classification as applied to highway con- 


and behavior of soils. 


struction. 


Nondestructive Testing: 


It is obvious that the economic signif- 
icance of nondestructive testing is 
Because of 
this, more and more thought and action 
is being devoted to the selection, de- 
velopment, and use of nondestructive 


greater than ever before. 


test methods. 


Tn addition to a presentation of the 
general nondestructive test methods 
from a viewpoint of their principles and 
mechanics, inspection methods of cast- 
ings, wrought products, and weldments 
are covered. Also the defects and dis- 
continuities that can be revealed in 
these products by present nondestruc- 


tive methods are outlined. 


Chemical Spectroscopy: 


Although not a symposium in any 
sense of the word, this year’s Marburg 
Lecture will be devoted to this impor- 
tant topic and will be presented by a 
man eminent in his field—Wallace R. 
Brode, National Bureau of Standards. 
He will speak on the relation of chemical 
spectroscopy to the analyses and testing 
of materials, as described in the April 


ASTM Butuetin. 


Photographic Exhibit 


Entries for the 1950 Photographic 
Exhibit, with its Sections on Radiog- 
raphy and Photomicrography, are 
being received. All those who have 
in mind submitting prints are urged 
to get their entries in as soon as 
possible. The last date for receipt 
of entries is June 14 and the judging 
date set by the Photographic Com- 
mittee, headed by L. Drew Betz, is 
June 16. However, the judging of 
the photomicrographs, including the 
electron micrographs, and the radio- 
graphs will be handled by the respec- 
tive technical Committees E-4 and 
E-7, probably at Atlantic City. 


Entries Being Received 


An exhibit blank, which gave a 
complete description of the exhibit, 
with an entry form, was mailed to 
each member and committee member 
in April. Additional copies of this 
blank are available and will be sent 
on request. Anyone is eligible pro- 
vided he is either a member, serving 
on technical committees, or employed 
by a member company. 

The committee urges all those 
interested to get their material pre- 
pared and their entries completed 
soon. As in previous years, the 
photographie theme is concentrated 
on “Materials, Testing, and Re- 
search.” 
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New Instruments Will Feature 1950 Testing Apparatus 


New Equipment and Laboratory Supplies Will Be Shown by L di istri ; 
ress throughout the nical Mecare Beye ranean Ms re nea 


PN rons concerned with 
research, testing of materials, and in 
laboratory and production control oper- 
ations will find much of interest in the 
1950 A.S.T.M. Exhibit of Testing Ap- 
paratus and Related Equipment at 
Chalfonte-Haddon Hall throughout the 
week beginning June 26. Many of the 
country’s leading manufacturers of 
apparatus and instruments are partici- 
pating. There has been a complete 
sellout of available space. Many spe- 
cial booth displays are being arranged 
and each exhibitor will have material 
hat will be of interest to wide segments 
f the men who will visit the exhibit. 

Anyone concerned with the material 
in the Exhibit is cordially invited to 
attend. Registration at the Annual 
Meeting is not necessary, but an Exhibit 
attendance record is maintained. 

Brief descriptions of the equipment 
xpected to be shown are given in the 
ollowing pages. While much of the 
2quipment is used in carrying out A.S.- 
.M. tests, obviously much of it is not 
vered in the Society’s procedures, but 
does find important use in industry. 

The apparatus displays will be in the 
ernon Room and Garden Room adja- 
nt to the AS.T.M. Registration 
esk, and the Photographic Exhibit 
ill be part of these exhibition rooms. 
he tentative exhibit hours are as fol- 
ows, but consult the final program 
vailable at the meeting for last-minute 
chedule: 


lune 26, Monday—12 noon (opening) to 
9 p.m. 

‘une 27, Tuesday—9:30 a.m. to 6 p.m. 
une 28, Wednesday—9:30 a.m. to 6 p.m. 
‘une 29, Thursday—9:30 a.m. to 6 p.m. 
‘une 30, Friday—9:30 a.m. to 1 p.m. 


Exhibit 


The following descriptions are based 


on information requested from ex- 
hibitors: 


American Instrument Co. 
Booth 36 


Included in this display of materials 
testing equipment, there will be featured 
two of the company’s most recent de- 
velopments: (1) Humidity-temperature 
test apparatus which affords various types 
of control to meet almost every conceiva- 
ble type of humidity-temperature test re- 
quirement, including program schedules of 
interest to government laboratories and 
manufacturers supplying equipment to 
the government. (2) Motor-driven flow 
table which conforms to the latest 
A.S.T.M. specifications for determining 
the flow of cement. 


H. Reeve Angel & Co., Inc. 
Booth 34 


This company will exhibit Whatman 
and Reeve Angel Filter Papers. Especi- 
ally featured will be ash-free Filter Papers 
for gravimetric analyses particularly of 
ferrous and non-ferrous metals and their 
ores. The use of Filter Papers in partition 
chromatography, interest in which has 
been enthusiastically revived recently, will 
also be stressed. 


Atlas Electric Devices Co. 
Booths 19, 20 


On display will be the new Model XW 
Weather-Ometer which embodies all of the 
desirable features requested by the various 
technical committees. This new unit, a 
completely redesigned and modernized 
version of the X-1-A, employs many new 
features used for the first time in an ac- 
celerated weathering machine as well as 
those that have made the Twin Arc 
Weather-Ometer so well known for its 
automatic control of test conditions. 


. 
. 


i i ibi ing Apparatus 
the Equi t to Be Displayed in the 1950 A.S.T.M. Exhibit of Testing App 
ind Related Eenicment Chalfente-Haddon Hall, Atlantic City, N. J., June 26-30, incl. 


" 


CBT ESTED 


‘op Row, |. tor.: A New Electronic Carbon- 
eumatic Testing Machine; A Low-Cost 
pper Middle Row, 1. to r.: A Brittle Po 


ETN ad ener irra Foaatron Oscillograph Charts; New Ductility 


emograph; New Model Weather-Ometer. 


tor.: A Telereader for Rapid Reading of 


‘esting Machine; Latest Model Electroch 


ower Row, 1. to r.: Mercury Filter; en 3-Moter Grading Spectrograph; Latest 


‘his: Automatic Electrolytic Polisher; 


Sulfur Furnace for Steel Analysis; A 5000-Ib, 
Testing Machine with Dual Capacities. 
int Tester for Rubber and Such Elastomers; 


tric Goniophotometer. Lower Middle, 


t Device for Controlled Voltage; Above 


Type Hydraulic Universal Testing Machine. 
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Baird Associates, Inc. 
Booths 40, 40A 


This company will have its 3-Meter 
Grating Spectrograph in operation. The 
instrument is the latest model of a dis- 
tinguished series. Larlier models, used 
over the past 13 years, have served to de- 
velop new techniques and to bring spec- 
trographic analysis from infancy to its 
present state of wide use and high recogni- 
tion. The Baird Associates 3-Meter 
Grating Spectrograph has become one of 
the most essential instruments in research 
and control laboratories. Successful appli- 
cations are found in work with rocks, 
minerals, ores, concentrates, and other 
metallic and nonmetallic substances stud- 
ied or held to strict control of composition. 
Many problems in the fields of determina- 
tive mineralogy, geological research, age 
of earth studies, prospecting, concentrat- 
ing, smelting, refining, and casting re- 
quire analyses obtainable only by means of 
spectrochemical techniques. 


The Baldwin Locomotive Works 
Booths 1, 2, 3 


This exhibit will include a 5000-lb. 
capacity P-T-E Machine showing its 
accuracy and ease of operation in testing 
plastic specimens. microformer re- 
corder will record the test to fracture. A 
Model 60-H Mechanical Testing Machine 
and a 60,000-lb. capacity Universal Bald- 
win Tate Emery machine will be the larger 
pieces of equipment in the booth. A com- 
plete exhibit of SR-4 Strain Gages. to- 
gether with the new Type “L” Indicator, 
the BA-1 Amplifier, and various strain fol- 
lowing equipment will also be shown. 


Bethlehem Apparatus Co. 
Booth 52 


Thorough cleaning of mercury, annoying 
and expensive chore, is reduced to ex- 
treme simplicity by the Bethlehem Appa- 
ratus Co.’s Oxifier and Type “F”’ Filter. 
The motor-driven Oxifier purifies mercury 
of dissolved base metals by oxidizing them 
to dry, readily separated powder. The 
Type “F” Filter, employing the gold 
adhesion principle, removes floating dust, 
oil, grease, water, oxide-scum, and other 
foreign matter. Hither apparatus may be 
used independently, but together they 
comprise a cleaning method of great con- 
venience and thoroughness. 


Brabender Corporation 
Booth 48 


The Brabender display will include a 
number of pieces of equipment, among 
them being the Piastograph (plastometer), 
Thermostat (water bath), Viscograph 
(viscosimeter), Semi-Automatic Moisture 
Tester and Recording Viscosimeter. 
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Brookfield Engineering Labs., Inc. 
Booth 51 


The display of Brookfield will include 
he Brookfield Synchro-lectric Viscometer, 
Viscotrol (automatic controlling viscosity 
controller), ViscomaT (automatic record- 
ng and controlling unit), and Counter- 
Rotating Laboratory Mixer. 


The Brush Development Co. 
Booth 47 


This booth will have the BL314 Uni- 
ormity Analyzer—a new electronic instru- 
nent designed to measure and make a 
Sermanent record of the irregularities in 
weight per unit length of yarn, roving, and 
liver; the BL320 Universal Amplifier— 
when used with the BL201 Brush Magnetic 
Direct Inking Oscillograph, provides a 
somplete package unit for the measure- 
ment of strain or other phenomenon 
where a resistance sensitive pickup is em- 
sloyed. Also on display will be the BL933 
Shart Takeup Drive which provides a 
sonvenient means of reeling recorded 
shart paper from a BL201 or BL202 oscil- 
ograph into a form which is readily stored, 
and the BL103 Surface Analyzer for meas- 
iring average root mean square surface 
regularities and recording a profile of the 
surface under investigation. The BL928 
Dual Channel D-C. Amplifier and BL221 
Single Channel Oscillograph will also be in 
che exhibit. 


Buehler Ltd. 
Booths 5, 6 


_ Buehler Ltd. will have in operation 
various items from its complete line of 
a preparation equipment for the 
netallographer. This line includes cut-off 
nachines, grinders, mounting presses, and 
nechanical and electrolytic polishers. 
Amsler testing equipment, Chevenard 
nicro testing equipment, the Ames porta- 
tle Rockwell tester, and optical equip- 
nent for the metallurgical laboratory will 
ulso be demonstrated. The improved 
Buehler-Waisman Electro-Polisher will 
wrepare samples for microscope inspection 
n less than a minute while you watch. 

i Burrell Corporation 
: Booths 22,23 


This company, long leaders in the manu- 
‘acturing of carbon and sulfur determina- 
jon equipment for the steel industry, 
wnounces a new electronic carbon and 
sulfur furnace. Along with the display of 
ihe furnace, there will be in operation in 
heir booth a carbon and sulfur train for 
ietual on-the-spot analyses of Bureau of 
Standard samples. 


The Central Scientific Co. 
Booth 18 


This exhibit features the Cenco-duNouy 


Tensiometer for measuring interfacial and 
surface tensions of transformer, lubricat- 
ing, Diesel engine, and other oils for sludge 
condition or breakdown point (see D 971 — 
48 T); _ the line-operated Cenco Titration- 
pH Unit suggested for neutralization value 
of petroleum products (see D 117 — 47 T 
and D 664 — 49), saponification numbers 
(see D 939 — 47 T), pH values (E 70 — 46 
T), dissolved oxygen in industrial waters 
(D 888 -~ 49 T), ete.; the Cenco Entrained 
Air Indicator for measuring entrained air 
in fresh concrete mixes (complies with 
Method C 281), and other new instruments 
for laboratory testing. 


Consolidated Engineering Corporation 
Booths 37, 38 


This exhibit will include the Telereader, 
an instrument for the rapid reading of data 
points from oscillographie (or similar) 
charts up to 12 in. wide—and when used 
with a companion instrument, the Tele- 
corder, for the recording of up to 50 data 
points per min. on IBM cards. Such 
rapid reading and recording of chart data 
is extremely useful in evaluation of multi- 
trace oscillograph records containing many 
categories of information recorded simul- 
taneously. In a matter of hours an oscil- 
lograph, for example, is capable of record- 
ing data which may require hundreds of 
man-hours for evaiuation by older meth- 
ods. With the ‘Telereader-Telecorder 
combination, chart evaluation often can be 
accomplished in minutes. Operator fa- 
tigue is virtually eliminated and accuracy 
far exceeds that of manual reading. 


Corning Glass Works 
Booth 25 


This display will feature Pyrex brand 
Red Line Graduated cylinders with the 
“slass bumper.”’ Also to be shown will be 
new burettes of precision bore tubing and 
a new type of tubular fritted glass filter. 
Other items of interest will be Vycor 
brand 96 per cent silica glass, new sizes in 
high vacuum stop cocks and bali and 
socket interchangeable ground joints. 


Custom Scientific Instruments, Inc. 
Booth 39 


CSI offers for inspection its feature high 
precision instruments: The Stoll-Quarter- 
master Universal Wear Tester is designed 
for quantitatively measuring resistance of 
fabrics and fabric-like materials to Flat 
abrasion, Flex abrasion, and Edge abra- 
sion; the Templin Calibrator, checks 
extensometers, strain gages, and test indi- 
cators accurately; the High-Speed Angle 
Centrifuge, provides flexibility and ease of 
sterilization. 


jon f the Equi t to Be Displayed in the 1950 A.S.T.M. Exhibit of Testing Apparatus 
PeRelated Sa ae Chelfonte: Haddon Hall, Atlantic City, N. J., June 26-30, 1950, incl. 


OR ORT 


Top Row, I. tor.: Latest Type Electronic Recorder; New Lamp for Special Light Examina- 


ion; Container Testing Machine. Upper Mi 


[ype Hardness Tester; 


ddle, 1. tor.: A New Spectrograph; Latest 
Micrometer for Low Resistance Measurements. Lower Middle: 


Portable Non-Destructive Tester; Automatic HS Analyzer; Compact Relative Humidity 


Thermometer; A New Dynamic Polariscope. 
graphic Examination; lower left-hand corner, 
from one Side; New Contour Projector; 
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Lower, I. to r.: Casting Ready for Radio- 
Gage for Measuring Thickness of Metals 
Compact Universal Testing Machine. 


ASTM BULLETIN 


J. W. Dice Co. 
Booth 27 


This company is showing a widely 


‘diversified ‘‘family”’ of new and unusual 


instruments for both nondestructive and 
physical testing and measuring of metals 
and other materials. Out-of-the-ordinary 
instruments, employing ultrasonic, mag- 
netic, hydraulic, and other principles, will 
be shown in actual operation on typical of 
the more difficult materials testing and 
measuring problems encountered in shop 
and laboratory. 


Eastman Kodak Co. 
Booths 45, 46 


Photographic materials and _ optical 
equipment for industrial and _ scientific 
testing will be included in the Hastman 
Kodak exhibit. Among the equipment 
which will be shown is a new optical com- 
parator, the Kodak Contour Projector, 
Model II. Other sections of the exhibit 
will deal with photographic recording ma- 
terials, high-speed motion pictures, and 
materials for metallography and X-ray 
inspection. 


Henry A. Gardner Laboratory, Inc. 
Booth 43 


New pieces of equipment to measure 
gloss will be featured in this booth display. 
Among these will be a colorimetric gonio- 
photometer; a 22-deg. glossmeter for high- 
gloss materials; and an 85-deg. sheen- 
meter for low-gloss interior paint finishes. 
The well-known Hunter Color and Color- 
Difference Meter will also be shown. In 
addition to this optical equipment, the 
Laboratory will show some of its apparatus 
for physical testing. 


General Radio Co. 
Booth 11 


This company’s exhibit will include 
equipment for dielectric measurements 
covering a frequency range from 20 cycles 
per second to 1000 megacycles per second, 
various special-purpose impedance bridges 
for insulation testing, production measure- 
ments, and laboratory use, instruments for 
the measurement and analysis of vibration, 
a Strobolume for very slow speed strobo- 
scopic work and for single-flash photogra- 
phy, and a new dynamic Polariscope, 
which makes possible for the first time the 
photography of stress patterns in plastic 
models under dynamic conditions. This 
instrument opens up a completely new field 
of stress analysis and while only lately 
available commercially, has already been 
used in research laboratories with com- 
plete success. 


Hanovia Chemical & Manufacturing Co. 
Booth 49 


The highlight of this exhibit is a newly 
developed equipment for accelerated aging 
and fading of materials. Whereas a 
mercury arc lamp is the main source of 
energy the equipment is so designed that 
other lamps which will compliment the 
radiations of the mercury arc may be in- 
cluded. Moreover moisture control can 
be furnished as an accessory, thus provid- 
ing a dew cycle. Mechanics of the appa- 
ratus are such that uniform exposure of all 
samples will be accomplished. Compre- 
hensive equipment for Black Light exami- 
nations will beshown. Several new models 
will be exhibited for the first time, and 
various fused quartz apparatus made in 
accordance with the A.S.T.M. standards 
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will be shown together with special fused 
quartz of grade optical clarity. 


Instron Engineering Corp. » 
Booths 13, 14 


The Instron Tensile Tester embodying a 
low enertia strain gage recording system 
and electronic speed controls, with a wide 
range of load scales featured from 2 g. to 
5000 lb. full scale, will be on display in 
this booth. A number of accessories will 
be shown such as an instrument for auto- 
matic evaluation of energy absorption, a 
complete set of newly designed grips, and 
compressional load recording equipment. 


Jarrell-Ash Co. and National Spectro- 
graphic Laboratories, Inc. 
Booths 28, 29, 30 


This exhibit will display for the first 
time the new Hilger Raman Spectrograph 
and Source Unit, and the newly improved 
HRX X-ray Unit with cameras. There 
will be both an inexpensive spectrochemi- 
cal installation built around a Jaco Replica 
Grating Spectrograph and Hilger Micro- 
photometer, and a more elaborate outfit 
featuring a Hilger Prism Spectrograph, 
NSL Triple Source, and Jaco Micropho- 
tometer. Other Hilger instruments will 
include the Steeloscope, for rapid sorting 
of steels, Spectrometers, Monochromators, 
Refractometers, and Polarimeters. 


Leeds & Northrup Co. 
Booths 7, 8 


Several new types of testing equipment 
will be featured by this company in their 
exhibit. Among these will be the Speedo- 
max ‘‘X-Y” Recorder, which automatic- 
ally charts the relationship between two 
independent variables, one on its X-axis 
and the other on its Y-axis. The latest 
model Electro-Chemograph will also be 
shown and an advance showing will be 
made of the new line of L&N D-C Ampli- 
fiers, and of the new type of adjustable 
capacitance standard embodying new con- 
struction of low-loss capacitance elements. 
Completing the exhibit will be the latest 
model L&N A-C Decade Resistance Box, 
with high-stability, low-resistance 
switches; the Type E Galvanometer, a 
high-sensitivity, short-period detector with 
integral lamp and scale; and a Speedomax 
Recorder used with the D-C Amplifier for 
measurement of insulation leakage current. 


Lindberg Engineering Co. 
Booth 18 


This company will show the Lindberg 
“H-F’”’ Combustion Unit which is revolu- 
tionizing carbon and sulfur determinations 
in various laboratories throughout the 
country. Ready for instant use—-instant 
temperatures above 3000 F.—for steel, 
cast iron, alloys, or stainless samples— 
volumetric or gravimetric. 


Magnaflux Corp. 
Booth 53 


On display will be three methods of 
Nondestructive Testing. ‘These are ex- 
pected to correlate closely with the theme 
of the Committee E-7 Symposium: ‘The 
Role of Nondestructive Testing in the 
Economics of Production.” 

Magnaflux, Zyglo, and the Magnaflux 
Sonizon will be in operation. A portable 
type KDN Magnaflux-Magnaglo unit will 
be shown as it operates in a number of pro- 
duction plants to control processes which 
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can cause defects in manufactured parts. 
Zyglo will be shown as used on nonmag- 
netic materials to find cracks, shrinkage, 
and similar defects. The Magnaflux Soni- 
zon will be in operation. This ultrasonic 
instrument tests for thickness by reson- 
ance methods with contact to one side 
only, and also locates laminar type de- 

fects. 

National Forge & Ordnance Co. 

Booths 41, 42 


This company will exbibit its new, com- 
pact Table Universal Testing Machine. 
Available in either 30,000-Ib. or 15,000-lb. 
maximum capacities, each having three 
loading ranges. Container compression 
testers of 5000-lb. and 750-lb. capacity 
will also be on exhibit. A new develop- 
ment in testing machine calibration equip- 
ment, the National Forge Verification 
Column, will be shown, along with acces- 
sories for testing of containers and box- 
board. 


Tinius Olsen Testing Machine Co. 
Booth 35 


Qn exhibit in the Olsen booth will be 
the new Olsen Electronic Recorder Model 
49 and its accompanying Extensometer 
and Compressometer Instruments which 
are used in tension and compression as well 
as flexure work. Magnifications of strain 
in tension testing as well as compression 
testing, can be changed during the test by 
switching the multi-selector switch in the 
center of the recorder bracket. An LC 
(Low Cost) Testing Machine with dual 
capacities of 10,000 and 1000 lb. will be in 
this display. Also exhibited will be the 
Olsen-Muhlenbruch Troptometer for use 
in conjunction with torsion testing ma- 
ch’nes for producing torsion curves. An 
M.I.T. Paper Tester which is a standard 
folding endurance tester, and a Torsion 
Stiffness Tester designed primarily for 
plastics and which is one of the line of 
plastic testers manufactured by Olsen will 
complete the equipment in the exhibit. 


Radium Chemical Co., Inc. 
Booth 15 


In this booth will be shown radiographs 
taken with radium, radium containers, 
and shipping and storage boxes. Repre- 
sentatives in attendance will discuss with 
visitors technique for taking radiographs 
with radium as the source of energy, and 
will also explain the manufacture of the 
radium containers, as well as protective 
measures for handling radium. 


Riehle Testing Machines Division 
American Machine and Metals, Inc. 
Booths 32, 33 


One of the machines to be exhibited in 
this booth will be Riehle’s new Model MA 
Universal Hydraulic Testing Machine. 
The Model MA is a low-priced machine 
suitable for all three standard tests (ten- 
sion, compression, and transverse). Spe- 
cial tools can be furnished for Brinell 
hardness, timber testing, and other special 
tests. The MA is built in three capacities, 
60,000 lb., 120,000 Ib., and 300,000 Ib. 
The 60,000-lb. model will also be on dis- 
play. Riehle’s Portable Hardness Tester 
for specimens up to 5 in. in diameter or 
noes will also be included in the ex- 

ibit. 


Rubicon Co. 
Booth 54 


In addition to well-known Rubicon in- 
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struments for precise laboratory measure 
ments, this company will have in operatio: 
an instrument believed to be the firs 
commercial automatic recording chemica 
analyzer based on the measurement 0 
light reflected from a chemically sensi 
tized surface. Developed originally fo 
the determination of H.S in ammoni: 
synthesis gases, this analyzer is currenth 
used also in fuel gas purification and at 
mospheric pollution work. Wide rang 
and high specificity are features of this in 
strument. Concentrations of as little a 
0.000001 per cent of HS can be detected 


Scott Testers, Inc. 
Booth 2: 


In this display will be the ORR-L5 ten 
sile tester, displayed for the first time. I 
is used for testing high elongation ma 
terials. Also exhibited will be the final de 
sign of the Scott Brittle Point Tester whiel 
performs the brittle point test in conform 
ity with A.S.T.M. Method D 746 upo1 
vulcanized rubber and other elastomers 
In addition to these two machines, th 
Scott Testers booth will also contain : 
complete pictorial coverage of thei 
Mooney Shearing Disc Viscometer an 
standard tester for scorch characteristic 
with latest recorders. 7 


Sperry Products, Inc. 
Booths 9, 1 


This company’s display will featur 
ultrasonic nondestructive testing instru 
ments—Reflectoscope and Reflectogage 
Continuous demonstrations will show hoy 
the Reflectoscope is used for locating de 
fects in metals, and the Reflectogage fo 
measuring thickness of metals from on 
side only. 

Associated with the ultrasonic equip 
mént in the exhibit will be Sperry hydrau 
lic remote controls, self-sealing couplings 
and custom-built transformers. 


Steel City Testing Machines, Inc. 
Booth Z 


This display will feature the Ductilit 
Testing Machine which is used for testin 
the drawing qualities of sheet meta. 
Other machines to be exhibited by th 
company will be a dead-weight Brine 
Testing Machine, a Portable Brine 
Tester, and a direct-reading type Provin 
Ring. Background of the exhibit will in 
corporate photographs of other types 
Steel City equipment including speci: 
machines of various kinds. 


The Superior Electric Co. 
Booth! 


This display will include the Varicell— 
compact source of low variable d- 
voltage, which operates from a 95-1 
volt, 60 cycle, single phase source and di 
livers a variable d-c. output voltage _ 
0-30 volts d-c. at 15 amperes. The Stati 
line automatic voltage regulator ty) 
ITE5101R, which is completely electron 
and instantaneous in operation will also } 
exhibited, together with Voltbox a¢ 
power supply type UCIM—a comps) 
portable source of variable a-c. voltag 
Powerstat variable transformer types 1). 
and 216, redesigned units incorporati!: 
all features required for a-c. voltage testi! 
will also be exhibited. 


(Continued on p. 40) | 
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Provisional Program 


FIFTY-THIRD ANNUAL MEETING 


i 
CITY, N. J. 


O 


CAN SOCIETY FOR TESTING MATERIALS 


f the 


WEDNESDAY, June 28 | THURSDAY, June 29 


JUNE 26-30, 1950 
Committee Meetings held throughout the week at Chalfonte-Haddon Hall 


: MONDAY, June 26 | TUESDAY, June 27 | | | 


FRIDAY, June 30 


Morning 
Committee Meetings only Round Table Dis-|9t Session on Effect | 13t Session on Non-| 20th Session on Plas- 
cussion of Jt. of Temperature ferrous Metals, tics, Adhesives, 
Comm. on Effect ; Spectroscopy Shipping Con- 
Temp.—Gas Tur- 10th Symposium _ of (Reports B-1, tainers (Reports 
bine Panel Methods of Test- ‘B-2, B-6, B-7, D-6, D-10, D-14, 
(Heavy Forgings) ing Soils Under B-8, E-2) D-17, D-20) 
eecasr im posiimebton Triaxial Loading | 14th Session on Steel, 
Ferro Alloys, 
Hoe careers Chemscaly paly, 
ing in the Econo- eee y Be rt 
mics of Produc- 15th Session on Ce- 
tion (Reports A- ment and Con- 
7,E-7) crete, Roofing 
i Materials (Re- 
ports C-1, C-2, 
| C-4, C-9, C-13, 
| D-8) 
= 
| 5th Luncheon Ses- 16th Luncheon Ses- 
sion—President’s sion Aardar 
Address, Report Merit, Recog- 
| of Board of Di- niton me oneO: 
rectors, Award of A adilaes OLVak 
Honorary Mem- Members 
| berships 
2 
Afternoon 
“Ist Symposium on Corro- |6th Symposium on|11th Symposium  on|1i7t#h Report Session— | 21st Session’on Build- 
| sion and Erosion of Gas Effect of Sigma Methods of Test- (Reports C-14, ing Materials, 
: Turbine Materials Sigma Phase on ing Soils Under C-15, C-18, C-19, Fire Tests of Ma- 
; the High Tem- Triaxial Loading C-21, C-22, D-7, terials (Reports 
perature Proper- (Continued) E-G6) C-7, C-8, C-11, 
ties of Metals i 3 C-16, C-17, E-5) 
(Continued) 12th Session on Fa-|18th Report Session—| 227d Session on Cor- 
(Reports E-4, Jt. tigue Testing (Reports D-1, rosion of Ferrous: 
Effect Tempera- (Reports B-4, D-5, D-9, D-12, and Non-ferrous: 
ture) E-9) D-13, D-16) Metals, Cast Iron,. 
Water (Reports 
7th Symposium on A-3, A-5, A-10,. 


the Role of Non- 
destructive Test- 
ing in the Eco- 
nomics of Pro- 
duction 
(Continued) 


2nd Session on Methods of 
Testing, Quality Control, 
Appearance, Metallog- 
raphy (Reports E-1, E-11, 
= E-12) 
3rd Symposium on Effect of 
Sigma Phase on the High 
Temperature Properties 


| 8th 


Marburg _Lec- 
ture—Chemical 
Spectroscopy, 
by Wallace R. 
Brode 

Medal Awards 


Evening 


Cocktail Party 


Annual Dinner 


and 


Entertainment 


’ of Metals 


ects 


19th 


Symposium on 
Identification and 
Classification of 
Soils (Report 
D-18) 


23rd 


B-3, B-5, D-19,,. 
Jt. Boiler Feed~ 
water ) 

Session on Petro- 
leum Products, 
Fuels, Road Ma- 
terials, Rubber 
(Reports D-2, 
D-3, D-4, D-11, 
D-15) 


Monday, June 26 


2 p.m. 
Opening Session 


First Session 


Symposium on Corrosion and Erosion of Gas Turbine Materials 


Formal Opening of the Fifty-third Annual 
Meeting. President J. G. MORROW. 


Symposium on Corrosion and Erosion of Gas 
Turbine Materials 


The gas turbine builder may be called upon 
to supply turbines for atmospheres all the 
way from those produced by burning high 
octane gasoline to those from the use of 
Bunker C. residual fuel oil or coal. This 
symposium presents some papers on the 
fundamentals of gas—metal reactions at high 
temperatures, along with studies of the effects 
of specific atmospheres on the various heat- 
resisting alloys used in gas turbine construc- 
tion. Also included are papers on the effects 
of oil ash and coal ash in contact with these 
metals at elevated temperatures. Protective 
coatings are also discussed. 

The Symposium was sponsored and de- 
veloped by the Gas Turbine Panel of the 
Joint Committee on Effect of Temperature 
on the Properties of Metals. 


Coal Ash Corrosion of Metals at Elevated 
pepe cretures, C. T. Evans, Jr., The Elliott 
O. 


A cooperative study with the Locomotive 
Development Committee of the Bituminous 
Coal Research Association and the Crucible 
Steel Company of America was conducted 
with S-588 alloy at 1350 F. Stress rupture 
tests of specimens in contact with raw coal 
ash from representative Illinois coal and 
specimens coated with separated Illinois 
coal ash were compared with ‘‘blank’’ speci- 
mens. 

Several other metals of interest to the 
builders of gas turbines for locomotive service 
were tested in unstressed condition at 1000, 
1350, and 1500 F. in contact with representa- 
tive Ohio coal ash. 

The tests demonstrate that these coal 
ashes or coatings from coal ash are inert to 
these alloys at these temperatures. 


Stress Corrosion Tests on Turbo-Supercharger 
Materials in the Products of Combustion 
of Leaded Gasoline. G. B. Wilkes, Jr., 
General Electric Co. 


Stress-corrosion tests were made on 18 
alloys. The corroding agents were the prod- 
ucts of combustion of leaded aircraft gaso- 
line. Tests were made under both constant 
temperature and cyclic temperature condi- 
tions. Under the conditions of these tests, 
the combustion products are somewhat cor- 


rosive if the temperature is cycled but not at 
constant temperature. The acceleration of 
strain due to temperature cycling alone has a 
greater detrimental effect on strength. 
From the results of these tests, certain specu- 
lations are possible concerning the process by 
which products of combustion of leaded gaso- 
line cause corrosion. 


The Surface as a Limiting Factor in Creep. 
R. Pickus and Earl R. Parker, University of 
California. 


In the course of ONR sponsored research 
investigation of certain aspects of creep an 
interesting dependence of the creep rate of 
zinc on the condition of the specimen surface 
was observed. 

The investigation was extended to a study 
of nickel to determine whether the behavior 
observed is of a general nature and applies as 
well to high-temperature metals. 

This paper reports the results of experi- 
ments comparing the temperature depend- 
ence of creep of ‘‘A’”’ nickel in two environ- 
ments—purified hydrogen and _ nitrogen. 
The nitrogen contains a small percentage of 
oxygen, and thus produces a thin oxide coat- 
ing. Preliminary experiments at a single 
temperature have already shown differing 
creep rates, dependent upon the environment. 


The Effect of Environment on the Stress- 
Rupture Properties of Metals at Elevated 
Temperatures. ©O. Cutler Shepard and 
Willis Schalliol, Stanford University. 


Stress-rupture tests in controlled atmos- 
pheres are reported for low-carbon steels and 
for Hastelloy ‘‘C.” Differences in the 
amount of intergranular cracking and in the 
time to rupture were observed with differ- 
ences in the composition of the environment. 
Hastelloy ‘“‘C’”’ exhibited greatest rupture 
strength in air. For this reason it is consid- 
ered dangerous to use tests in air to predict 
the service life of metals in environments 
other than air. 


Preliminary Studies of the Effect of Oxi- 
dizing Sulfurous Atmospheres on the 
Rupture Strengths of Inconel ‘*X” and 
Inconel. A. M. Talbot and E. N. Skinner, 
International Nickel Co., Inc. 

Preliminary rupture data on Inconel ‘‘X”’ 
at 1350 and 1500 F. in an oxidizing atmos- 
phere containing 0.1 and 1.0 per cent sulfur 
dioxide, indicate no appreciable deteriora- 


tion in strength for tests of more than 1000 
hr. duration. The influence of similar atmos- 
pheres on the rupture properties of Inconel 
at 1800 F. appears to be more damagin 
when the atmosphere contains a sma 
amount of water vapor than when dry. On 
the other hand, at this temperature, the 
presence of water vapor in a sulfur dioxide- 
free air atmosphere causes an improvement 
in the rupture strength of Inconel. 


Hydrogenizing Reactions of Gases on 
Metals at Elevated Temperatures. C. A. 
Zapffe and K. Landgref, Consulting 
Metallurgists, Baltimore, Md. 


Hardenable stainless steels are heat 
treated in atmospheres containing varying 
amounts of water vapor, and the angle of 
fracture in a specially designed bend test is 
then used to measure the damage caused these 
steels by hydrogen obtained from the metal- 
steam reaction. The investigation verifies 
the theory of the “hydrogen potential,” 
published earlier. Steels which endure a 
full bend after hardening in a normal air 
atmosphere fail at a relatively low angle when 
steam is admitted; and steels which fracture 
with ordinary treatment can attain a full 
bend when special measures are taken to 
remove steam from the heat-treating atmos- 
pheres. 


Oil Ash Corrosion of Metals at Elevated 
ARS aes C. T. Evans, Jr., The Elliott 
O. 


Numerous metals of interest to gas turbine 
builders were exposed to ‘‘fired’”’ Bunker C oil 
ash from several sources, at temperatures 
ranging from 1000 through 1500 F. Severe 
corrosion of most of the metals, including 
those commonly used in gas turbine con- 
struction, was encountered with some of the 
ashes. 

Many coatings for metals were tried and 
there are indications that some of these coat- 
ings are protective. In addition, an attempt 
has been made to determine the constituents 
in the ashes which cause them to be ‘‘active” 
or corrosive. Experiments were conducted 
with ‘‘additives’”’ in an attempt to neutralize 
the ashes. 

Stress to rupture tests at 1350 F. were made 
with S-588 and 19-9DL alloy in contact with 
one ash of commercial interest. 


Oral Presentation. \/. N. Harrison, Ne- 
tional Bureau of Standards. 
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Second Session 


Methods of Testing, Quality Control, Appearance, and Metallography 


Report of Committee E-1 on Methods of 
Testing. J. R. Townsend, Chairman. 


Report of Committee E-11 on Quality Con- 
trol of Materials. H.F. Dodge, Chairman. 


Report of Committee E-12 on Appearance. 
M. Rea Paul, Chairman. 


Study of Deformation at High Strain Rates 
Using High-Speed Motion Pictures. Her- 
bert |. Fusfeld and Josephine Carr Feder, 
eee is Laboratory, Frankford Ar- 
senal. 


The technique of using high-speed motion 


14 


pictures to study the geometry of deforma- 
tion of tensile specimens at drawing speeds 
is discussed. Preliminary data are used to 
give curves of the sharpness of the neck 
versus strain. These are used to correct for 
the true uniaxial tensile stress in comparison 
with results of Bridgman. It is shown that a 
change in the strain rate affects the geometry 
of the neck appreciably in contrast to the 
small change in tensile strength. 


Effect of Variations in Notch Acuity on the 
Behavior of Steel in the Charpy Notched- 
Bar Test. N. A. Kahn, E. A. Imbembo, 
aie Ginsberg, New York Naval Ship- 
yard. 


This paper presents and discusses data on 
the effects of variations in the root radius of 


ASTM BULLETIN 


the notch in Charpy V- and keyhole-noteli 
specimens on the energy absorption leve 
and location of the transition temperatur: 
region of a number of steels. The principal 
objective was to establish tolerances for thi 
root radius of the V-notch for which no stand) 
ards exist at the present time. The mate 
rials used in the investigation consisted o 
Navy medium and high-tensile steels an¢ 
S.A.E. 1045 and 4620 steels, heat treated t/ 
tensile levels of approximately 60,000, 70,000) 
85,000, 110,000, or 155,000 psi. For eac) 
steel and condition, energy-temperature rela 
tionships were established for V-notch rad} 
of 0.006, 0.0075, 0.009, 0.010, 0.011, 0.012 
0.015, 0.017, and 0.021 in. and for keyholl 
diameters produced by Nos. 46, 47, and 4) 
drill sizes. The effect of polishing the roo 
of the standard 0.010-in. radius V-noteh wa 


| 
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also investigated. Equipment and tech- 
niques for preparing the notches and conduct- 
ing the tests are described. 


The Influence of Specimen Dimension and 
Shape on the Results in Tension Impact 
Testing. D. S. Clark and D. S. Wood, 
California Inst. of Technology. 


A number of papers have been presented to 
reveal the influence of impact velocity on the 
tensile properties of materials. Most inves- 
tigators have not reported the existence of a 
critical impact velocity. This paper pre- 
sents data to show that it is necessary to 
maintain a ratio of specimen length to di- 
ameter of at least 13 in order to clearly reveal 
a critical velocity. The results of tests are 
reported to show that for a constant cross- 
section area the shape of the cross-section of 
the specimen does not alter the tensile im- 
pact characteristics of a material. 


The Influence of Strain Rate on Some Tensile 
Properties of Steel. D.S. Clark and P. E. 
Duwez, California Institute of Technology. 


The inability of impact tests to reveal the 
true influence of strain rate on the tensile 
properties is demonstrated. The funda- 
mental requirements of a device by which 
strain rate effects can be studied are consid- 
ered and the details of a machine that has 
been constructed are presented. The results 
of static and strain rate tests up to a rate of 
about 200 in. per in. per sec. are presented 
and discussed for three different steels. 
specimens for these tests were taken from 
plates. The results show that the propor- 
tional limit of these materials increases to a 
value corresponding to the ultimate strength 
at a strain rate of between 40 and 80 in. per 
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in. per sec. The ultimate strength for all 
materials tested increases with increasing rate 
of strain up to a rate of about 100 in. per in. 
per sec. and then is not affected appreciably. 


A Direct Explosion Test to Evaluate Load 
Carrying ppaclty of Welded Steel Struc- 
tures. G. S ikhalapov, Metallurgical 
Research & Development Co. Inc. 


Instances of failures, at stress levels well 
within design limits, of structures fabricated 
from steel plate !/> in. and thicker, which ap- 
pear to be caused by low ductility exhibited 
by some materials in presence of severe stress 
concentrations and stress gradients, indi- 
cate the need of investigating behavior of 
materials under triaxial tension. A test 
utilizing an end blow of a column of ex- 
plosive has been developed which, it is 
believed, simulates a state of traixial ten- 
sion found at points of stress concentration 
in areas of steep stress gradient and thus 
permits evaluation of performance of mate- 
rials when fabricated into structures con- 
taining notches and other stress concentrat- 
ing geometries. 


Tensile Properties of Some Ajircraft Struc- 
tural Materials at Various Rates of Load- 
ing. Richard F. Klinger, Wright-Patterson 
Air Force Base. 


The effect of rate of loading in tension was 
determined at room temperature on non- 
metallic and metallic aircraft structural 
materials. Stress-strain curves and ulti- 
mate strength values were obtained over the 
range of times to reach yield or ultimate 
strengths of 0.003 sec. to 2 hr., and rate of 
loading—strength relationships are pre- 
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sented. The results indicate a pronounced 
increase of ultimate and yield strength values 
with increased rate of loading for plastic 
materials such as polymethyl methacrylate 


cast sheet, cotton fabric base phenolic 
laminate, and glass fabric base polyester 
laminate. There was also a marked in- 


crease in initial modulus of elasticity with 
increase in rate of loading for the polymethyl 
methacrylate material. The test results for 
the metals, bare 24S-T and bare 75S-T 
aluminum alloys showed little change in 
yield strengths with respect to rate of load- 
ing. 


A Method for Making Tension Tests of 
Metals Using a Miniature Specimen. 
R. L. Templin and W. C. Aber, Aluminum 
Research Laboratory. 


Occasionally it is necessary to determine 
the tensile properties of metal products when 
only small samples are available or when the 
dimensions of pieces in one or two directions 
are such as to preclude the use of tensile test 
specimens of the usual sizes. 

This paper deseribes a method for making 
tension tests of metals using a miniature 
specimen having a reduced section 0.05 in. in 
diameter and an over-all length of 34 in. 
The method for determining yield strength 
when using the miniature specimen is de- 
scribed for metals whose modulus of elasticity 
values have been determined previously. 
Suitable tension shackles and deformation 
measuring apparatus for the specimen are 
described in considerable detail. Results 
from tension tests of eight different sizes of 
specimens ranging from 0.5 to 0.05 in. in 
diameter are given to show the effect of the 
size of test specimen upon the results ob- 
tained for one material. 


Symposium on Effect of Sigma Phase in the High Temperature Properties of Metals 


Although the existence of the sigma phase 
in chromium-iron-nickel alloys has been 
known for over 20 years, the past five years 
have seen an increasing interest on the part of 
users of metals at elevated temperature in its 
occurrence, identification, and effects. So 
widespread has this interest become that 
researchers embarking on investigation of 
some aspect of the problems which have arisen 


are likely not to find the work they have 


planned a duplication of what is already 
underway elsewhere. 


The insidious nature 
of the phase makes a complete understanding 
of the conditions which promote its occur- 
rence and of methods of controlling its ef- 
fects on the properties essential to further 
progress in the development of alloys for 
service at high temperatures. The Re- 
search Panel of the Joint Committee on 
the Effect of Temperature on the Properties 


of Metals has been cognizant of the con- 
siderable amount of research going on at the 
present time on problems posed by the exist- 
ence of sigma. Long as the existence of 
sigma has been known, its precise crystallo- 
graphic structure is still unknown. Definite 
identification of the phase under the micro- 
scope is still uncertain even in many instances 
where its presence is clearly indicated by 
thermal history, composition, and other 
methods of testing. The limits of chemical 
composition within which sigma may form 
are not clearly defined. This Symposium 
was therefore organized in order to encour- 
age those having research underway to 
present their progress, trends, and problems 
for discussion before a group having a com- 
mon sympathetic interest in this somewhat 
baffling, not well-understood constituent of 
many of our heat-resistant alloys. 


Identification and Mode of Formation and 
Re-Solution of Sigma Phase in Austenitic 
Fe-Cr-Ni Steels. E. J. Dulis and G. V. 
Smith, U. S. Steel Corp. 


A comprehensive investigation of the etch- 
ing characteristics of the several phases occur- 
ring in austenitic stainless steels, supple- 
mented by X-ray diffraction and magnetic 
permeability studies, has suggested proce- 
dures by which the sigma, carbide, and ferrite 
phases can be differentiated, with certain 
exceptions, under the microscope. _The 
mode of formation and re-solution of sigma 
was observed, and transient formation of 
ferrite was detected during re-solution of 
sigma at a temperature above its stable range. 
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Sigma Phase in Several Cast Austenitic 
Steels. VV. 1. Malcolm and S. Low, 
Chapman Valve Manufacturing Co. 


The formation of the sigma phase in six 
cast austenitic steels was investigated by 
means of room temperature and elevated 
temperature impact testing, X-ray diffraction 
and metallorgaphic procedures. | 

Sigma phase was identified in the three 
18-8 type steels investigated. Although the 
three 16-35 type steels were embrittled after 
elevated temperature exposure, no conclusive 
identification of sigma in these steels was 
obtained. 

Transition temperatures, based on 50 per 
cent ductile fractures, were obtained for four 
of the six steels investigated. 
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X-ray Study of the Sigma Phase in Various 
Alloy Systems. Pol Duwez and Spencer 
R. Baen, California Institute of Technology. 


This paper presents a critical review of the 
X-ray diffraction data of the sigma phase in 
the binary alloys of iron, cobalt, nickel, chro- 
mium, and vanadium. Although the crystal 
structure of the sigma phase is still unknown, 
a tentative tetragonal unit cell is suggested to 
describe the structure, at least as a first 
approximation. On the basis of this cell 
the lattice parameters of the various binary 
sigma phases are computed. The case of a 
ternary sigma solid solution in the iron- 
chromium-molybdenum system is also dis- 
cussed and the influence of molybdenum on 
the lattice parameter of sigma is described. 
A short discussion is finally given on the 
occurrence of the sigma phase in binary 
alloys and its relation to atomic diameter and 
erystal structure of the two component 
metals. 


Sigma Phase in Chromium-Molybdenum 
Alloys with Iron or Nickel. John W. 
Putman, N. J. Grant, and D. S. Bloom, 
Massachusetts Institute of Technology. 


Because the brittleness of chromium-base 
alloys for high-temperature duty was be- 
lieved to be due to sigma formation, research 
was undertaken to study the formation of 
sigma in simple alloys of chromium, molyb- 
denum, and iron. 


each member and committee member will receive a reservation form for the Annual Dinner and Luncheons. 
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The experiments indicate that molybdenum 
increases the high-temperature stability of 
sigma in iron-chromium alloys, and that the 
sigma phase in the 60 Cr, 25 Mo, 15 Fe alloy 
is stable at 1100 C. With regard to this 
alloy, the temperature effect is such that at 
lower temperatures the tendency for the 
formation of sigma is increased provided that 
sufficient time be allowed for the transforma- 
tion. 


The Tetragonality of the Sigma Phase in the 
lron-Chromium System. L. Menezes, J 
K. Roros, and T. A. Read Columbia 
University. 

Single crystal specimens of the 50 Fe- 
50 Cr sigma phase were prepared by iso- 
thermal transformation of coarse-grained 
ferrite of this composition at 775 C. In some 
cases single grains of ferrite transformed to 
single crystals of sigma phase, which could 
then be isolated by careful fragmentation of 
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the brittle sample. Back-reflection Laue 
diffraction patterns were prepared, and the 
specimen fragments selected which yielded 
the best patterns. These patterns revealed 
a four-fold symmetry axis and two two-fold 
axes othogonal to it and to each other, char- 
acteristic of tetragonal crystals with the 
Laue symmetry 4/mmm. Even in the best 
samples erystal imperfections existed which 
led to diffuseness and multiplicity of the 
Laue pattern spots. 
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Tuesday, June 27 
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9 a.m. 


Fourth Session 


Symposium on the Role of Nondestructive Testing in the Economics of Production 


Report of Committee A-7 on Malleable- 
Iron Castings. \W. A. Kennedy, Chairman. 


Report of Committee E-7 on Nondestructive 
Testing. J. H. Bly, Chairman. 


Symposium on the Role of Nondestructive 

Testing in the Economics of Production 

A symposium to acquaint engineers and 
management with the advantages and uses 
of nondestructive testing, sponsored by A.S.- 
T.M. Committee E-7 on Nondestructive 
Testing. 

Papers by leading authorities in the field 
survey the wide range of applications of all 
the nondestructive testing and inspection 
methods and show how proper use of them 
can reduce production costs and improve 
product quality. The testing methods 
covered include radiography, ultrasonics, 
magnetic particle and licuid penetrant in- 
spection, and magnetic analysis. 

Six papers are presented in two sessions. 
The first two papers are of an introductory 
nature, one covering the basic principles 
underlying the important nondestructive test 
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methods, and the other discussing typical 
discontinuities revealed by nondestructive 
testing. 

The remaining four papers deal with the 
use of nondestructive testing for castings 
inspection, weldments inspection, wrought 
products inspection, and for special inspection 
problems. The papers discuss the economics 
of the various methods and point out where in 
each field of application the tests can be used 
to advantage as well as where they should not 
be applied. 


A Basic Guide for Management's Choice of 
Nondestructive Tests. Robert C. Mc- 
Master and Samuel A. Wenk, Battelle 
Memorial Institute. 


Twelve basic types of nondestructive tests 
are summarized and classified by the nature 
of the energy field established. The signifi- 
cant technical features of each method are 
illustrated. The literature and patent art 
has been surveyed and the information classi- 
fied by methods of testing. Important oper- 
ating features have been tabulated. The 
nature, critical features, and possible appli- 
cations of nondestructive tests are discussed 
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with references to existing commercial instrn- 
ments. The principle of operation of each 
nondestructive test method is briefly stated, 
including the novel features and applications 
of the significant patents. 


Defects or Discontinuities That Can Be Re- 
vealed in Cast and Wrought Metal Prod- 
ucts by Nondestructive Tests. Kent R 
Van Horn, Aluminum Company o! 
America. ; 


The Economics of Castings Inspection. J. 
\W. Juppenlatz, Lebanon Steel Foundry. 


A general discussion on the merits of diver- 
sified methods of nondestructive testing 
applicable to all grades of castings. Prefer- 
able test procedures employed for miscella- 
neous cast products with relation to end uses 
Refinements of testing procedures anc 
interpretation of results according to accept: 
able standards which are often poorly under: 
stood. Casting quality improvement as pro: 
moted by nondestructive inspection. Hes 
nomic factors which dictate to a large exten’ 
the amount of nondestructive testing for cas’ 
products. 


Fifth Session 
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Sixth Session 


Symposium on Effect of Sigma Phase in the High-Temperature Properties of Metals (Continued) 


The Formation of Sigma Phase in 17 per cent 
Cr Steel. J. J. Heger, Carnegie-Illinois 
Steel Corp. 


By using cold work and extended heating 
periods at 1050 F., sigma phase has been 
formed and identified in 17 per cent chro- 
mium, type 480 stainless steel. These results 
indicate that the present iron-rich boundaries 
of the alpha plus sigma region in the iron- 
chromium diagram must be shifted to lower 
chromium contents. 
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The Effect of Prolonged Exposure at Elevated 
Temperatures on the Microstructure and 
Mechanical Properties of AISI Type 310 
Stainless Steel. G.N. Emmanuel, Babcock 
& Wilcox Tube Co. 


During the course of this investigation it 
was found that the temperature range in 
which sigma phase is formed in type 310 
material is 1100-1600 F. Cold worked 
25 chromium-20 nickel alloy exhibits not 
only a higher rate of sigma formation but 
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also a broader temperature range of sigm 
stability, 1000-1690 F., than that indicate 
by annealed material. Some evidence i 
presented to indicate that increasing gral 
size leads to reduced susceptibility to sigm 
precipitation. A semiquantitative measur 
of the amount. of sigma phase noted afte 
various time-temperature conditions is i= 
cluded. 

_ X-ray diffraction means are used to ider 
tify the sigma phase and a review of severé 
metallographic identification methods is als 
presented. 


May 195 


he Formation of Sigma and Its Influence on 
the Behavior of Stabilized 18-8 Cr-Ni 
Steels in Concentrated Nitric Acid. PR. S. 
Stewart and Stephen F. Urban, National 
Lead Co. 


Sigma phase, rather than chromium carbide 
recipitation, was found to be responsible for 
he low-corrosion resistance of ‘sensitized’ 
ype 321 stainless steel in boiling 65 per cent 
tric acid. Data are presented to show the 
nfluence of both chemical composition and 
rior heat treatments on the formation of 
igma during “‘sensitizing’”’ and the resulting 
orrosion resistance in boiling 65 per cent 
itric acid. Practical means of producing 
ype 321 commercial steels with acceptable 
Iuey corrosion rates in the ‘‘sensitized”’ 
ondition are given. 


: 


ome Notes on the Structure and Impact 
Resistance of Columbium-Bearing 18-8 
Steels After Exposure to Elevated Tem- 
peratures. \W/. O. Binder, Union Carbide 
& Carbon Research Labs. 


The influence of columbium on the impact 
Becriice of 18-8 steels has been studied in 
teels containing 8 to 16 per cent nickel and 
to 3 per cent columbium. The addition 

more than 2 per cent columbium decreases 

e toughness of the steel in the annealed 

mdition due to the formation of M¢éC car- 
ide and the compound FesCb:. Long 
eating at 650 and 870 C. has no significant 
afluence on impact toughness of steels con- 
aining up to 2 per cent columbium but it is 
= detrimental to higher columbium steels. 
Positive X-ray identification of sigma 
] 


phase was obtained after long periods at 650 
C. over the range 8 to 16 per cent nickel and 
0.75 to 3 per cent columbium. However, the 
steels do not form large amounts of sigma 


even though strained at elevated tempera- 
tures. 


Observations of the Effect of Sigma on the 
Mechanical Properties of Columbium 
Stabilized Weldments in Austenitic Stain- 
less Steels. F. \W. Schmitz and M. A. 
Scheil, A. O. Smith Corp. 


A summary of the investigation of 13 
weldments in 144-in. thick T347 stainless steel 
on the basis of heat treatments given for stress 
removal reveals that ductility of all weld 
metal tension test bars is affected by the 
following variations: 

1. Maximum ductility of 30 per cent and 
over is obtained in the ‘‘as-welded”’ condition 
with ferrite content between 3 and 8 per cent 
when no sigma is present. 

2. Ductility varying between about 10 
to 30 per cent is obtained after heat treat- 
ments producing sigma contents from 5 to 
1 per cent. 

3. Weld metal with ferrite in the as- 
deposited condition does not always sigmatize 
to the fullest extent possible. 

4. The size and distribution of the sigma 
phase varies the ductility. Larger particles 
of sigma in a segregated pattern are more 
effective in lowering ductility. 

5. Variations of welding techniques such 
as thin and thick weld layers and peening 
effect, the ductility only in so far as the 
amount of sigma produced on heat treatment. 


he Economics and Practical Application of 
Cobalt 60 for Weldment Inspection. 
~W. Schwinn, Babcock & Wilcox Co. 


The industrial application of Cobalt 60 
athe inspection of steel weldments is investi- 
ated in actual practice by means of a com- 
arison of radiographs taken with this source 
nd with X-rays and gamma rays. Radio- 
raphs which have been exposed with vari- 
ble X-ray voltages in the range of 250 to 
000 kv. are studied and compared to similar 
xposures with Cobalt 60 and gamma rays in 
he range of plate thicknesses of 1 to 4 in. 
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In order to demonstrate not only the relative 
sensitivity of these sources and also the 
technique required, the economics, exposure 
times, and sensitivity charts covering these 
results, are also presented 


The Economics of Wrought Steel Inspection. 
C. D. Moriarty, General Electric Co. 


The economic value of nondestructive test- 
ing to the wrought steel user is discussed. 
The role this type of testing has in the user’s 
manufacturing cycle, and its relation to the 
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The Occurrence of the Sigma Phase and Its 
Effect on Certain Properties of Cast Fe-Ni- 
Cr Alloys. J. H. Jackson, Battelle 


Memorial Institute. 


Slightly over half of the production of heat- 
resisting castings is from alloy types which 
may contain the sigma phase provided the 
compositions of the alloys are not closely 
controlled. In many instances better prop- 
erties for these alloys are obtained if sigma 
phase in these alloys is eliminated, or at 
least limited to relatively small quantities. 
In a recently developed test, it was noted 
that sigma-free, HH alloys (cast 26 per cent 
chromium-12 per cent nickel type) were 
much less susceptible to cracking and distor- 
tion than sigma-bearing alloys of the same 
type. The stress-rupture properties of the 
HK alloy (cast 26 per cent chromium-20 per 
cent nickel type) are improved when the 
composition is controlled to reduce the tend- 
ency toward formation of the sigma phase. 


Report of Committee E-4 on Metallography. 
L. L. Wyman, Chairman. 


The report of Subcommittee XI on Elec- 
tron Microstructure of Steel, G. E. Pellis- 
sier, Chairman, will include a description of 
the investigation of the microstructures of 
eutectoid steel, correlating the light and 
electron microscopes. 


Jt. Committee on Effect of Temperature on 
the Properties of Metals. E. L. Robinson, 
Chairman. 


Seventh Session 


Symposium on the Role of Nondestructive Testing in the Economics of Production (Continued) 


saving of manhours, which would otherwise 
be wasted on defective material, is empha- 
sized. ‘The right test at the right time”’ is 
the economic theme. The part ultrasonics, 
and the testing of material in motion, has in 
the saving of manhours is discussed in greater 
detail because of their relative newness, and 
adaptability to the testing of wrought steel in 
the early stages of the manufacturing cycle 


The Economics of Special Inspection Prob- 
lems. L. W. Ball, Naval Ordnance 


Laboratory. 


Eighth Session 


Marburg Lecture, Dudley Medal, and Awards 


Marburg Lecture—Chemical Spectroscop 


The purpose of the Edgar Marburg Lec- 
ure is to have described at the annual meet- 
ngs of the Society, by leaders in their re- 
pective fields, outstanding developments in 
he promotion of knowledge of engineering 
naterials. Established as a means of em- 
yhasizing the importance of the function of 
he Society of promoting knowledge of ma- 


y—Wallace R. Brode, National Bureau of Standards 


terials, the Lecture honors and perpetuates 
the memory of Edgar Marburg, first Secre- 
tary of the Society, who placed its work on a 
firm foundation and through his development 
of the technical programs brought wide 
recognition of the Society as a forum for the 
discussion of properties and tests of engineer- 
ing materials. 


Charles B. Dudley Medal to B. J. Lazan. 


Richard L. Templin Award to D. S. Clark 
and D. S. Wood. 


Sam Tour Award to O. B. Ellis. 


(See News Article on Lecture in April BULLETIN, No. 165, p. 11) 
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The Effect of Various Treatments on the 
Fatigue Strength of Notched S-816 and 
Timken 16-25-6 from Room Temperature 
to 1200 F. W. E. Jones and B. 
Wilkes, Jr., General Electric Co. 


A rather extensive program has been un- 
dertaken to determine the fatigue strength 
of notched specimens of S-816 (a cobalt base 
alloy) and Timken 16-25-6 (a highly alloyed 
iron base alloy) from room temperature to 
1200 F. Various corrective treatments were 
tried, such as shot peening, coining, and heat 
treating, to improve the notched strength. 
Improvements in the order of fivefold were 
obtained by shot peening, the effect being 
less as the test temperature is raised. Sev- 
eral general conclusions can be drawn regard- 
ing notches and treatments to reduce their 
damaging effect which should be of value to 
designers. 


Hardened Alloy Steel for Service Up to 
700 F. G. V. Smith, W. B. Seens, and 
E. J. Dulis, U. S. Steel Corp. 


This paper describes the properties of two 
steels, 4340 and 0.40 C. NiCrMoV, quenched 
and tempered to 43 C Rockwell hardness, 
which were tested in tension at 75, 500, 600, 
and 700 F., in compression at 75 F., for 
creep-rupture strength at 500, 600, and 700 
F., and for Charpy impact streneth within 
the temperature range 75 to —315 F. 


Interpretation of High Temperature Alloy 
Stress-Rupture Data. J. M. Cameron and 
ns J. Youden, National Bureau of Stand- 
ards. 


Stress-rupture data present special prob- 
lems because (a) the number of conditioning 
factors preclude exhaustive exploration of all 
combinations of these factors and (b) the test 
results necessarily involve different test 
temperatures and loads so that the hours to 
rupture of specimens from different condi- 
tioning treatments are not directly compa- 
rable. The paper gives a method for com- 
paring test results and considers the planned 
selection of combinations of conditioning 


Wednesday, June 28 


9.30 a.m. 
Held Simultaneously with the Tenth Session 


Effect of Temperature 


factors for testing with a view of facilitating 
the statistical analysis. 


Strength of Metals and Alloys at Elevated 
Temperatures. M. J. Manjoine, Westing- 
house Research Labs. 


The strength of metals and alloys and the 
factors which influence this strength are of 
paramount importance to the engineer who 
designs machines and to the metallurgist who 
develops new alloys and heat treatments for 
the parts of these machines. The results of 
tensile tests at 1200 and 1500 F. of a group 
of high-temperature gas turbine alloys are 
reported. These tests include creep and 
creep-rupture tests, constant strain rate tests, 
and high-speed impact tests. The strength 
of these alloys are shown for a range of strain 
rates of 10-6 to 10*® per hr. The factors 
which influence the flow stress of a metal are 
discussed and a generalized flow-stress curve 
proposed. The short-time methods of com- 
paring alloys and the limitations of these 
methods are reviewed. 


Hardening of Austenitic Stainless Steels by 
Mechanical Working at Sub-Zero Tem- 
peratures. N. A. Ziegler and P. H. Brace, 
Westinghouse Research Labs. 


It has been discovered that austenitic 
stainless steels, of approximate compositions 
of 12-80 per cent chromium and 11-20 per 
cent nickel, can be made unusually hard by 
plastically deforming them at sub-zero 
temperatures and thus promoting the gamma 
to alpha transformation. Hardness values 
thus obtained can be increased still further 
by a subsequent aging heat treatment of 
about 750 F. (400 C.). 

Samples of suitable compositions have thus 
been hardened all the way through by rolling 
or wire drawing. Other physical properties 
are affected accordingly, so that in an 18 per 
cent chromium, 8 per cent nickel strip, 
rolled at —300 F. (—184 C.) and aged, ten- 
sile strength of 295,000 psi., yield stress of 


290,000 psi., proportional limit of 264,000 
psi., elongation fo 2.0 per cent, reduction of 
-2- Ge 

9.30 a.m. 


Held Simultaneously with the Ninth Session 


Ninth Session 


area of 24.8 per cent, and hardness of 60 
V.P.N. have been obtained. 


Effect of Temperature on the Mechanica 
Properties, Characteristics and Processin: 
of Austenitic Stainless Steels. VV. N 
Krivobok and A. M. Talbot, Internationa 
Nickel Co., Inc. 


In this paper are presented the results o 
investigations dealing with the processin, 
(such as rolling) of commercial austeniti 
stainless steels at sub-zero temperature 
showing that such processing enhances thi 
mechanical properties and improves othe 
characteristics of the steels. The Jatte 
were represented by the most popular grade 
such as AISI 301, 302, 304, 310, and 347. 

The mechanical properties at sub-zero anc 
elevated temperatures were determined fo 
steels rolled according to normal practic 
(that is, at room temperature) and for steel, 
rolled at sub-zero temperatures. The effect 
of sub-zero and elevated temperatures on th 
properties at room temperature were als 
determined. 

The uncovered improvement in ductility 
characteristics, under conditions of sub-zer 
temperatures of steels strengthened by 
rolling, is discussed in terms of its relation 
the forming processes. 


Chromium-Base Alloys. W. L. Havekotte 
C. T. Greenidge, and H. C. Cross 
Battelle Memorial Institute. 


Research is described on melting, Castine 
and mechanical properties of chromium 
base alloys of the type 60 chromium-15 iron 
25 molybdenum. A number of mold design: 
and materials were used for making casting 
to provide suitable test material. The rup 
ture strength at 1600 F. of the alloy with ; 
2 per cent titanium addition was considerably 
greater than for the best cobalt-base alloy 
but room-temperature ductility was very low 
Studies were made on the effect of meltin; 
and casting practice, of chemical composition 
and of heat treatment on room-temperatur 
shock resistance. 


Tenth Session 


Symposium on Methods of Testing Soils Under Triaxial Loading 


A most extensive symposium on testing 
soils under triaxial loading has been arranged 
by A.S.T.M. Committee D-18 on Soils for 
Engineering Purposes. Ten papers cover 
various fields of triaxial testing. These in- 
clude papers on large-scale triaxial test 
equipment and procedures, shear character- 
istics of soils, interpretation of data, use of 
data in design, and performance correla- 
tion. Some of the papers which deal with 
subgrade design also bring out the use of 
triaxial tests in pavement design. 


A Triaxial Apparatus for Testing Large Soil 
Specimens. Earl B. Hall, Corps of Engi- 
neers, 

This paper presents the construction and 
operation of an apparatus to test, by triaxial 
methods, the shear characteristics of soil 
containing material passing the 3-in. sieve. 
It is the aim of this paper to present the 


problems arising from the design of an 
apparatus of this magnitude, and the method 
by which these problems were solved. 
Sketches of parts of the apparatus together 
with typical results of soils tested are also 
included. 


Shear Testing at the Waterways Experiment 
Station. S. J. Johnson, Waterways Ex- 
periment Station. 


The paper reviews very briefly the tri- 
axial shear research program sponsored by 
the Corps of Engineers and discusses how the 
results of that program form the basis for the 
types of tests performed in the Soils Labora- 
tory of the Waterways Experiment Station, 
Corps of Engineers for practical applica- 
tions. In addition, practices developed for 
the design of earth embankments which indi- 
cate variations in water content and density 
and the shear strength are reviewed. The 


aim of the paper is not to: discuss in funda 
mental fashion theories of shear testing, bu 
instead it attempts to summarize the type 
of tests actually performed in the Soil 
Laboratory in connection with foundatio: 
problems. 


New Developments in Triaxial Testin 
Methods for Partially Saturated Soils 
Donald W. Taylor, Massachusetts Institut 
of Technology. 


Shear Characteristics of Remolded Eart 
Materials. A. A. Wagner, Bureau ¢ 
Reclamation. | 


The results of several triaxial shear test 
performed on five different materials place 
at different densities and moistures are pré 
sented. By correcting the results for tk 
measured pore pressure and interpretin 
failure by the maximum effective stress rati 


Late in May each member and committee member will receive a reservation form for the Annual Dinner and Luncheons. 


It should be returned promptly. 


18 


ASTM BULLETIN 


sriterion, the “true” angle of friction is 
determined, and trends showing the effects 


af placement density and moisture on the 
i true”’ angle of friction are shown. 


riaxial Compression Conditions and the 
Interpretation of Test Results. Donald M. 
Burmister, Columbia University. 

_ Consideration is given first to the objec- 

ives and the purposes of triaxial compression 

esting in order to provide basic information 


Wednesday, June 28 


Held Simultaneously with the Twelfth Session 


on the stress-strain and strength roperti 

of soils for making soil iirostigations fn fied 
nection with engineering works. Second, 
consideration is given to the fundamental 
concept of the ‘‘stress-conditioning” of the 
stress-strain and strength properties of soils 
under the initial stresses to which soils are 
subjected in the natural state or in the com- 
pacted state in embankments. This con- 
cept is basic in all of the strength testing of 
soils, and has a controlling influence on the 
essential test conditicns, which must be 


(Continued in Eleventh Session) 


2 p.m. 


satisfied in order to have either (a) test re- 
sults that are capable of complete analysis for 
use in the investigation of specific soil prob- 
lems, or (b) testing results that have a direct 
and significant bearing upon a specific soil 
problem. The fundamental and practical 
importance of this approach is illustrated by 
triaxial compression test results, and by the 
interpretation and use of triaxial compression 
test data in the analysis of soil problems en- 
goatee in connection with engineering 
works. 


Eleventh Session 


Symposium on Methods of Testing Soils Under Triaxial Loading (Continued) 


triaxial Design Correlated with Flexible 
Pavement Performance in Kansas. H. E. 
Worley, Kansas State Highway Commis- 
sion. 


Kansas’ experience in the design and con- 
truction since 1945 of approximately 375 
es of base course and flexible surface 
ccording to methods based on triaxial testing 
discussed. _ Asummary of results based on 
! 4,000 tests is included. Methods of sampl- 
g, sample preparation, description of 
uipment, and procedures for testing are 
cluded. The application to the design of 
exible pavements is fully covered, Gad the 
application to other design problems such as 
rigid pavements, slopes, and foundations is 
discussed briefly. 
pplication of Triaxial Compression Test 
Results to Highway Soil Problems. 


Barber and C. L. Sawyer, Bureau of Public 
Works. 


: The application of triaxial test results to 
the design of fill and cut slopes, flexible pave- 
ments, and bridge foundations is described. 
The results obtained by different methods of 
preparing the sample and methods of loading 
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Report of Committee E-9 on Fatigue. R. E. 
Peterson, Chairman. 


Effects of Grinding and Other Finishing 
Processes on the Fatigue Strength of 
Hardened Steel. L. P. Tarasov, Norton 
Co., and H. J. Grover, Battelle Memorial 
Institute. 


This paper presents the results of an inves- 
tigation of the effects of grinding and other 
finishing processes on the fatigue strength of a 
ball-bearing type steel, very similar to AISI- 
52100, at Rockwell hardness levels of C 45 
and C 59. Grinding scratch direction was 
always parallel to the specimen length. 

Reversed-bending tests of flat bars showed: 
(1) gentle grinding gave endurance limits as 
high as gentle grinding followed by careful 
polishing, (2) severe grinding reduced the 
endurance limits roughly 20-25 per cent, and 
(3) either tumbling or shot peening after 
srinding greatly increased the endurance 
imits. 

Rotating-bending tests of round bars gave 
endurance limits about twice as high as re- 
versed bending of flat bars of corresponding 
hardness. The endurance limits of round 
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are presented. These include exploratory 
results on repetitional loading and the effect 
of the intermediate principle stress. Com- 
parisons are made between triaxial and direct 
shear tests. 


Triaxial Testing, Adapted to Soils, Flexible 
Base, and Foundations. R. J. Hank, 
Texas State Highway Department. 


_ The paper gives the reasons for entering 
into triaxial testing of various soil materials 
and for designing special equipment to ac- 
complish this purpose. The materials to be 
tested include disturbed, remolded soils, with 
and without aggregate, or flexible base, in 
which maximum particle size is limited to 2 
in., and undisturbed cores of foundation 
materials. The specially designed equip- 
ment will be described and pictured. The 
procedure is defined in some detail in the 
interest of reproducibility. 

There will be a brief discussion of the back- 
ground of the procedure and the application 
of the test data to the design of flexible bases 
and to the analysis of foundation problems. 
Graphs and tables used in the interpretation 
are illustrated by line drawings. 


2 p.m. 


Fatigue Testing 


bars were aftected relatively little by surfac- 
ing processes and the effects of a given proc- 
ess, if they were real, were not necessarily 
consistent for the two hardness levels. ; 

In no case did gentle grinding prove detri- 
mental to the fatigue properties. 


Effect of Chromium Plating on the Endurance 
Limit of Steels Used in Aircraft. Hugh L. 
Logan, National Bureau of Standards. 


Chromium plating reduced the endurance 
limits of both normalized and_hardened 
(quenched and tempered) §.A.E. X4130 
steels: the reduction was larger for the hard- 
ened steel. The endurance limits for steel 
of a given hardness decreased with increased 
plating bath temperatures. Baking of the 
plated steel, at temperatures up to 350 C., 
reduced the endurance limit; baking at 440 
GC. increased the endurance limit of the plated 
steel. However (for hardened steel) baking 
did not restore the endurance limit to that of 
the unplated steel. Damaging effects of 
chromium on the endurance limits of plated 
steels are attributed to stresses 1n the chro- 
mium and/or steel, which are increased by 
low-temperature baking but_are relieved in 
part by baking at 400 to 440 C. 
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Some Concepts Concerning Triaxial Com- 
pression Testing of Asphaltic Paving Mix- 
tures and Subgrade Materials. E 
Davis, University of California and F. N. 
-Hveem, California Division of Highways. 


Application of Triaxial Testing to the De- 
sign of Bituminous Pavements. Norman 
W. McLeod, Ottawa Department of 
Transport. 


The use of the triaxial test for the rational 
design of bituminous paving mixtures is out- 
lined. The influence of the rate of deforma- 
tion employed for the triaxial test, on the 
reported stability values of bituminous mix- 
tures is reviewed. It is demonstrated that 
data from the triaxial test enable an evalua- 
tion to be made of the amount of lateral 
support that bituminous pavements can 
develop under joad in the field. Triaxial 
data make it possible to determine the influ- 
ence of frictional resistance between pave- 
ment and tire and between pavement and 
base on the stability of bituminous pave- 
ments. It is shown that this factor has a 
very marked effect on the ability of bitumi- 
nous pavements to support stationary and 
moving loads. The treatment of the subject 
matter is entirely quantitative and is accom- 
panied by equations and illustrations. 


Twelfth Session 


Combined Tension-Torsion Creep-Time Re- 
lations for Alcoa 2S-O. Joseph Marin, 
Pennsylvania State College, J. H. Faupel, 
E. |. du Pont de Nemours & Co., Inc., and 
L. W. Hu, Pennsylvania State College. 


Many machine and structural parts are 
subjected to creep and a combined state of 
stress. Most experienced investigations on 
the creep properties of materials, however, 
have been made under conditions of simple 
stress. There have been only a few investi- 
gations reported on the creep-time relations 
of materials subjected to combined stresses. 
This paper gives the results of an investiga- 
tion on the combined stress creep properties 
of Aleoa 2S-O. Combined states of stress 
were produced by subjecting thin-walled 
tubular specimens of circular cross-section to 
various combinations of axial tension and 
torsion. The minimum constant creep rates 
for various values of the stresses and for 
ratios of the biaxial principal stress from 0 to 
—1.0 were found to be in approximate agree- 
ment with values predicted theoretically 
using simple tension creep test results. 
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Effects of Anodic Coatings on the Fatigue 
Strength of Aluminum Alloys. G. W. 
Stickley and F. M. Howell, Aluminum 
Research Labs. 


Anodic treatments of aluminum alloys are 
widely used because they provide increased 
resistance to abrasion and corrosion. While 
it is generally accepted that such coatings 
have no appreciable effect on the static prop- 
erties, their effects on fatigue strength have 
been questioned. The results of tests of 
several anodic treatments on different alumi- 
num alloys are presented and reference is 


The Philadelphia District, through its 
Council, is acting as the official host for this 
Annual Meeting. It has arranged a Cocktail 
Party and informal Dinner at which there 
will be some outstanding entertainment. 
The Council felt that the members might wel- 
come some period during the Annual Meeting 
of a distinctly social nature and with the ap- 


Thursday, June 29 


made to the work of other investigators. 
While the thicker coatings were found to be 
slightly harmful under certain conditions, 
the effect of the thinner coatings, if any, was 
slightly beneficial. 


The Reverting of Hard-drawn Copper to 
Soft Condition Under Variable Stress. 
John N. Kenyon, Princeton University. 
Endurance tests carried out at room tem- 

perature on long lengths of hard-drawn cop- 

per wire show that “‘islands’’ of soft material 
may develop at, or near, the perimeter of the 
wire specimens. This softening effect oc- 


curred in some 30 per cent of the heats testec 
at room temperature and in practically every 
heat when the endurance tests were carrie 
out at 70 C. F F ’ 

It is believed that transmission line failures 
usually attributed to mechanical defect iz 
wire, are a direct result of this unusual soften 
ing behavior. 


Report of Committee B-4 on Electrica 
Heating, Resistance, and Related Alloys 
S. A. Standing, Chairman. 


Wednesday, June 28 
Cocktail Party 6.30 p.m. 


and 


Annual Meeting Dinner 7.30 p.m. 


proval of the Society officers, has arranged 
this feature. The Cocktail Party will be on 
a “dutch’’ basis, starting at 6:30 p.m. in the 
Carolina Room, with Dinner to follow at 7:30. 
There is to be dinner music and following this, 
three or four interesting and coordinated 
entertainment acts, by outstanding per- 
formers, will take place. A form for dinner 


reservations will be mailed to members late; 


in May. 

The Philadelphia District Council is als« 
arranging for Ladies’ Entertainment, and i 
including the dinner in this program since 
the performances will be of interest not only 
to the members, but to their wives and 
families. 


9 a.m. 


Thirteenth Session 


Held Simultaneously with the Fourteenth and Fifteenth Sessions 


Revort of Committee E-2 on Emission 
Spectroscopy. B. F. Scribner, Chairman. 


Report of Committee B-2 on Non-Ferrous 
Metals and Alloys. Bruce /. Gonser, 
Chairman. 


Report of Committee B-7 on Light Metals 
and Alloys, Cast and Wrought. |. V. 
Williams, Chairman. 


Magnesium-Cerium Wrought Alloys for 
Elevated-Temperature Service. K. Grube, 
J. A. Davis, and L. W. Eastwood, Battelle 


Memorial Institute. 


A systematic study has been made of about 
195 heats of magnesium-cerium wrought 
alloys by making tension tests at room tem- 
perature and at 600 F., and creep tests at 
600 F. Manganese up to 1 per cent or 
more and cerium up to 2 per cent are very 
beneficial. The alloy of optimum com- 
position appears to be as follows: cerium 
(rare earths)—2 per cent, manganese—1 to 
1.5 per cent, and nickel—0.2 per cent. The 
compositional limits were not established. 
This alloy has tensile and creep properties at 
600 EF. which, on a strength-weight basis, are 
appreciably better than those of 18S-T and 
32S-T alloys of aluminum frequently recom- 
mended for elevated-temperature service. 


Non-Ferrous Metals, Spectroscopy 


Magnesium-Cerium Cast Alloys for Ele- 
vated-Temperature Service. Grube 
and L. W. Eastwood, Battelle Memorial 
Institute. 


About 350 heats of magnesium-cerium 
alloys, most of which contained other, ele- 
ments, have been prepared and _ studied. 
The evaluation of the compositions was based 
on the following tests: (1) tension tests at 
room temperature, (2) tension tests at 
F., (3) creep tests at 600 F., using a 2500 
psi. load, and (4) macro- and microexamina- 
tions. 

Six per cent cerium (rare earths) was se- 
lected for study as a compromise between 
cheaper and lower density alloys of lower cer- 
ium content, on the one hand, and higher 
strength alloys of still higher cerium content, 
on the other. Manganese was also employed 
in most of the alloys because of its beneficial 
effects on tensile properties and creep resist- 
ance at 600 F. The alloy of optimum com- 
position tentatively selected is as follows: 
cerium (rare earths)—6 per cent, manganese 
—0.8 per cent, nickel—0.2 per cent, and 
tungsten—0.02 per cent. 


Aluminum-6 per cent Magnesium Alloys 
for Elevated-Temperature Service. L. W. 
Eastwood, Webster Hodge, and C. H. 
Lorig, Battelle Memorial Institute. 


As a result of a systematic study of alumi- 
num-base alloys containing magnesium, the 


Late in May each member and committee memb 
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following casting alloy has been developed for 
elevated-temperature service: magnesium—f 
per cent, manganese—1l per cent, copper-- 
1.5 per cent, vanadium—0.1 per cent, zir 
conium—0.25 per cent, titanium—0.08 pe: 
cent, beryllium—0.005 per cent, and alumi 
num—99.5 per cent balance. This alloy i: 
not. appreciably adversely affected by stabili. 
zation at temperatures up to 700 F., has iow 
density, good resistance to corrosion, gooc 
machining characteristics, and, after stabili 
zation at 600 F., has very high tensile proper 
ties. As compared with 142 or Y alloy 
castings, it has appreciably lower therma 
conductivity and somewhat lower resistancé 
to creep at 600 F. Although the abovs 
composition has considerably better resist 
ance to creep than previously known 6 pe’ 
cent magnesium casting alloys, still furthe 
improvements in creep resistance may bi 
possible. 


Report of Committee B-1 on Wires fo 
Electrical Conductors. J. H. Foote 
Chairman. 


Report of Committee B-8 on Electrode: 
posited Metallic Coatings. C.H. Sample 
Chairman. 


Report of Committee B-6 on Die-Cast Metal 
and Alloys. J. R. Townsend, Chairman, 


er will receive a reservation form for the Annual Dinner and Luncheons. 
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Fourteenth Session 


| : Held Simultaneously with the Thirteenth and Fifteenth Sessions 


| 
La 


eport of Committee A-9 on Ferro Alloys. 
| W. C. Bowden, Jr., Chairman. 
: 


peeve of Committee A-1 on Steel. 
ochel, Chairman. 


INE 


eproducibility of Results of Tensile Tests 
on Specimens Prepared from Cast Steel 
Coupons. Harry A. Schwartz and W. 
Kenneth Bock, Nat. Malleable and Steel 
Castings Co. 


Various types of the coupons used by the 
seel castings industry are discussed and il- 
istrated. Data are recorded showing the 
egree of reproducibility of the usual static 
msile properties of Grade ‘‘B’’ steel or 
etermined on test coupons of several de- 


gns. 

The results of single tests on the average 

fa small number of tests are shown not to be 

n adequate measure of the mechanical 
operties of a given steel cast in a given 
m of coupon. 


ome Effects of Austenitic Grain Size and 
| Metallurgical Structure on the Mechanical 
: Properties of Steel. T. J. Dolan and 
G. M. Sinclair, University of Illinois. 


Studies were made of S.A.E. 1045, 2340, 
ad 3140 steels to determine the changes in 
1echanical properties which accompanied a 
ge increase in the austenitic grain size. 
he steels were heat-treated to produce mi- 
-ostructures of pearlite, tempered martensite, 
ad a ‘‘mixed”’ structure of tempered mar- 
msite plus free ferrite; all steels were tem- 
ered to a final hardness of 100 Rockwell B. 
hhanges in the tensile, fatigue, and V-notch 
harpy impact properties which accom- 
anied an increase in the austenitic grain 
ze, are discussed on the basis of the metal- 
irgical structure involved. 


ockwell C. Hardness on Cylindrical Steel 
‘Specimens. Frank Hussey, Pitman- 
Dunn Lab., Frankford Arsenal. 


The trends of errors involved in deter- 
aining Rockwell C Hardness on small-di- 
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ameter cylindrical steel surfaces are reported. 
Results are announced of a test consisting 
of more than 2800 hardness readings on steel 
specimens of 8 diameters and in 10 steps of 
hardness from Rockwell C 20 to 65 in each 
size group. The plotted deviations of the 
apparent hardness, taken on curved sur- 
faces, from the ‘‘true’’ values of flat areas 
show line relationships of such slight curva- 
tures that straight line averages are con- 
sidered sufficiently accurate for all practical 
purposes. Correlation curves are presented 
which are used to obtain actual Rockwell C 
hardness values from those obtained on cy- 
lindrical surfaces of diameters from \% to 
14% in. 


Welding Characteristics of Open Hearth and 

Bessemer Seamless Pipe. ilder, 

. B. Kennedy, and F. W. Crouch, 
National Tube Co. 


The purpose of this paper is to discuss the 
welding characteristics of A.S.T.M. Speci- 
fications A-53 Grade B seamless pipe and in 
particular the properties which are related 
to deoxidation practice and steel-making 
process. Silicon-killed and silicon-aluminum 
killed basic open hearth and decxidized 
acid bessemer steels were investigated. 

The properties of girth and bead welds 
were studied. The material investigated met 
welding requirements of the A.S.M.E. Boiler 
Construction Code. A new type of weld- 
ability test, internal structure, hardness, 
cracking susceptibility, impact properties, 
and hardenability results are discussed. 


Welds Between Dissimilar Alloys in Full 
Size Steam Piping. R. U. Blasser and 
F. Eberle, Babcock & Wilcox Co. 


A laboratory test under simulated service 
conditions in 10-in. steam piping is described. 
The specimen has two austenitic weld metal 
joints between a Croloy 214 alloy and both 
forged and cast austenitic materials. Oper- 
ation has been at 1100 F. temperature with 
internal pressure 1500 psi., and has included 


9 a.m. 


approximately 50 week-end shutdowns to 
atmospheric conditions. After 4631 oper- 
ating hours at these test conditions, incipient 
failure was detected by radiographic means. 
Metallurgical examination of the failure is 
included. An analysis is made of contribut- 
ing factors which include stresses due to 
thermal expansion as well as steam pressure, 
temperature, time, environmental atmos- 
phere, design, and metallurgical condition of 
the material. 


Some Considerations in the Joining of Dis- 
similar Metals for High-Temperature Ser- 
vice. ©. R. Carpenter, The Babcock & 
Wilcox Co. 


This paper relates to the metallurgical 
factors, the performance, and fabrication of 
dissimilar metal joints as may be employed 
in high-pressure, high-temperature steam 
service. It has been recognized by those 
who have considered or who have used this 
construction that expansion stresses existing 
between a ferritic material and an austenitic 
material might present unknown problems 
in service. An investigation of expansion 
stress effects on dissimilar metal joints, begun 
several years ago, has led to the necessary 
consideration of additional factors which 
were found to be present when a dissimilar 
metal joint is operating at high temperature, 
under high stresses in a cyclic manner. 
These are basically metallurgical ones. 
They are shown to be dependent upon the 
time, the temperature, and the combined 
stresses. Under some conditions, labora- 
tory tests show that failure occurs in a carbon 
depleted region of the heat-affected zone of 
the weld. Cyclic conditions, oxide pene- 
tration, and metallurgical or mechanical 
notches as may occur under some operating 
or fabricating conditions, speed the time to 
failure. Failures of field welds of dissimilar 
metals under severe operating conditions are 
shown as examples. 


Report of Committee E-3 on Chemical 
Analysis of Metals. D. R. Evans, Chair- 


man. 


Fifteenth Session 


Held Simultaneously with the Thirteenth and Fourteenth Sessions 


Cement and Concrete, Roofing Materials 


eport of Committee C-1 on Cement. F. H. 
Jackson, Chairman. 


esting Cement-Base Paints and Damp- 
proofers. William M. Spurgeon, Ameri- 
can Fluresit Co. 

Tests made on 25 commercial cement 
aints, many of which are used for damp- 
roofing masonry walls, show that they vary 
idely in porosity (water absorptions range 
om 1.8 to 65.1 per cent by weight) and 7- 
ay compressive strengths (0 to 3300 psi.). 
2 general, high absorption values accom- 
anied low compressive strengths and vice 
rsa. 

The theory of dampproofing is discussed 
riefly, and the need for further development 
fa simple, short screening test to supple- 
ent weathering data for cement-base damp- 
roofers is shown. The need for establishing 
ecifications for these materials is also 
ointed out. 


eport of Committee C-2 on Magnesium 
Oxychloride Cements. L. S. Wells, 


Chairman. 


Aay 1950 


Report of Committee C-9 on Concrete and 
Concrete Aggregates. K. B. Woods, 
Chairman. 


Exploratory Tests to Develop a Method for 
iDetennining the Air Content of Hardened 
Concrete. Alexander Klein, David Pirtz, 
and Milos Polivka, University of California. 


Pulse Techniques Applied to Dynamic 
Testing. J. R. Leslie. Hydro-Electric 
Power Commission of Ontario. 


Many of the difficulties inherent in present 
methods of dynamic testing can be overcome 
if pulse techniques are resorted to. In this 
method the velocity of propagations of an 
acoustical pulse through the material is 
measured. ‘The pulse velocity so obtained 
is unaffected by size or shape of the specimen. 
An electronic pulse set developed primarily 
for testing concrete is described. A pulse 
generator and receiver are used, applied to 
opposite faces of the specimen. The time of 
travel of the pulse is measured electronically 
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and from it the dynamic modulus of elasticity 
can be calucated. More than two years 
experience in testing laboratory specimens 
and mass concrete is described and the in- 
strument’s application to the testing of 
soils, rock, and wood are illustrated. 


Method of Petrographic Examination of 
Aggregates for Concrete. Katharine 
Mather and Bryant Mather, Waterways 
Experiment Station. 


A detailed description of the method for 
petrographic examination of aggregates for 
concrete as it has been developed for use by 
the Concrete Laboratories of the Corps of 
Engineers is presented. The differences in 
procedure which depend upon the nature of 
the sample submitted and the purposes of 
the examination are described. Suggestions 
are made concerning the features to be 
delineated, the amount of material to be 
examined, and the organization and pres- 
entation of the resuits of the examination. 
It is hoped that the information presented 
will serve to clarify the concept of what is 
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meant by petrographic examination of ag- 
gregates and, perhaps, ultimately, contribute 
to greater uniformity in the making of such 
examinations. 


Report of Committee C-13 on Concrete Pipe. 
W. W. Horner, Chairman. 


Report of Committee C-4 on Clay Pipe. 
J.C. Riedel, Chairman. 


Thursday, June 29 


Report of Committee D-8 on Bituminous 
Waterproofing and Roofing Materials. 
J. S. Miller, Chairman. 


Results on Testing Surface Waterproofers. 
F. O. Anderegg, John B. Pierce Founda- 
tion. 

The methods of testing reported at the 


Detroit meeting have been applied to a large 
number of additional materials. The results 


12.15 p.m. 


obtained, reinforced by field observatior 
support the previous analysis of the proble 
and indicate the usefulness of the metho 
that were proposed. Results reported he 
seem to show that three new types of surfa 
waterproofers, including certain resin emi 
sions, silicone solutions and sprayed~ 
stuccos, offer considerable promise. T) 
beneficial:properties and the limitations of t 
different types are discussed with referen 
to the potential exposure hazards. ase 
application and costs are also estimated. 


Sixteenth Session 


Luncheon Session—Award of Merit, Recognition of 40- and 50-Year Members 


Thursday, June 29 


Held Simultaneously with the Eighteenth Session 


Report Session—Building Materials 


Report of Committee C-22 on Porcelain 
Enamel. W/. N. Harrison, Chairman. 


Report of Committee C-21 on Ceramic 
Whitewares. J. H. Koenig, Chairman. 


Report of Committee C-19 on Structural 
Sandwich Constructions. A. G. H. Dietz, 
Chairman. 


Thursday, June 29 


Held Simultaneously with the Seventeenth Session 


Ladies are cordially invited 


2.30 p.m. 


Report of Committee C-14 on Glass and 
Glass Products. E. W. Tillotson, Chair- 


man. 


Report of Committee C-18 on Natural Build- 
ing Stones. L. W/. Currier, Chairman. 


Report of Committee C-15 on Manufactured 
Masonry Units. J. W. Whittemore, 


Chairman. 


2.30 p.m. 


Seventeenth Session 


Report of Committee E-6 on Methods | 
Testing Building Constructions. J. / 
Liska, Chairman. 


Report of Committee D-7 on Wood. |. 
arkwardt, Chairman. 


Eighteenth Session 


Report Session—Paint, Electrical Insulating Materials, Coal and Coke, Soap, Textiles 


Report of Committee D-1 on Paint, Varnish, 
Lacquer, and Related Products. \W/. T. 


Pearce, Chairman. 


Report of Committee D-16 on Industrial 
Aromatic Hydrocarbons. D. F. Gould, 
Chairman. 


Thursday, June 29 


Report of Committee D-9 on Electrical In- 
sulating Materials. C. T. Hatcher, Chair- 
man. 


Report of Committee D-5 on Coal and Coke. 
W. A. Selvig, Chairman. 


8 p.m. 


Report of Committee D-12 on Soaps a: 
Other Detergents. J. C. Harris, Che 


man. 


Report of Committee D-13 on Textile Mai 
rials. H. J. Ball, Chairman. 


Nineteenth Session 


Symposium on Identification and Classification of Soils 


Report of Committee D-18 on Soils for 
Engineering Purposes. E. J. Kilcawley, 
Chairman. 


Symposium on Identification and 
Classification of Soils 


The Symposium on Identification and 
Classification of Soils is sponsored by Com- 
mittee D-18 on Soils for Engineering Pur- 
poses. In preparing its manual on Proce- 
dures for Testing Soils, Committee D-18 dis- 
cussed the desirability of including with this 
manual, data on classification of soils. It 
was decided not to include this information 


22 


in the manual, it being related to test meth- 
ods only, but to present it in the form of a 
symposium to be issued as a separate pam- 
phlet. Papers are being prepared by E. A. 
Willis, Bureau of Public Roads, D. M. 
Burmister, Columbia University, E. A. 
Abdun-Nur, Bureau of Reclamation, and 
Earl J. Felt, Portland Cement Assn. The 
committee is hoping to secure one or two 
additional papers for presentation at the 
symposium, 

Final titles and abstracts have been re- 
ceived for the following two papers: 


ASTM BULLETIN 


Soil Classification for Highway Purpos 
E. A. Willis, Bureau of Public Roads. 


This paper reviews the development of ¢ 
classification methods as utilized by Bure 
of Public Roads, U. S. Department of Co! 
merce, and many of the State highway ‘| 
partments. | 

These methods were conceived at a ti! 
when few highway engineers had any kna 
ledge of the engineering properties of so! 
One of the primary purposes of the origi! 
highway soil classification was to provid¢ 
relatively simple means whereby generali: 


iformation on soils could be passed on from 
he soils engineers to the engineers and in- 
pie who were directly concerned with 
he design and construction of the highways. 
This report points out that environmental 
actors such as climate, topography, drain- 
ge, etc., are equally important in determin- 
1g the engineering properties of soils. A re- 
lew is presented of the progress being made 
1 the development of engineering soil maps 
Those ‘‘map units” will indicate the environ- 
rental factors as well as the physical char- 
eteristics revealed by laboratory tests. 


\n Appraisal of the Identification Ap- 
proach in Soil Mechanics. Donald M. 
Burmister, Columbia University. 


Identification places the emphasis not 
nly on accurately and completely identifying 
idividual soils, but also on the careful, sys- 


tematic, and precisely written an 
identification and naming of athe ene 
convey definite and significant meanings. 
The identification approach recognizes the 
inherently variable and complex nature of 
soils and of the controlling conditions in 
engineering practice. The identification of 
soils is intended to accurately and completely 
disclose the inherent characteristics of soils 
which determine their behavior character- 
istics. Consideration is given briefly to the 
principles of identification and of naming 
soils. The practical use and importance of 
identification in soil investigations for engi- 
neering works is illustrated by the possibil- 
ities of more completely and accurately inter- 
preting and comprehending past experiences 
with regard to what was expected and what 
really happened. 


(End of Symposium) 


Pilot Studies of Soil Density Measurements 
by Means of X-rays. D. Berdan and 
R. K. Bernhard, Rutgers University. 


Pilot experiments have been made with 
soil samples in small containers to determine 
by means of X-rays first, the effect of soil 
densification on the X-ograph and second, the 
effect of densification on differential pressure 
cells buried in the soil samples. Character- 
istic X-ray images are presented, and some 
conclusions, with respect to the application 
of this method, are discussed. 

This nondestructive X-ray method which 
leaves the soil sample completely unchanged, 
regardless of its state of densification, might 
become useful in cases where undisturbed soil 
samples cannot be obtained. A possible 
development for future field applications is 
suggested. 


: Friday, June 30 


<>< 


9.30 a.m. 


Twentieth Session 


Plastics, Adhesives, Shipping Containers 


eport of Committee D-14 on Adhesives. 
Frank \/. Reinhart, Chairman. 


eport of Committee D-20 on Plastics. 
~G. M. Kline, Chairman. 

he Measurement of Dynamic Modulus in 
Adhesive Joints. A. G. H. Dietz, G. M. 
Kavanagh, P. J. Closmann, and J. N. 
Rossen, Massachusetts Institute of Tech- 
nology. 

An experimental method is described for 
ieasuring a fundamental property of an 
dhesive, the dynamic modulus, without 
astroying the bond. By measuring the 
ssonance properties of a specimen consisting 
i two metal bars cemented together end-to- 
id and vibrating longitudinally, the dynamic 
1odulus of the adhesive in the joint may be 
uculated. Measurements obtained by this 
1ethod are presented for stainless steel bars 
smented with a phenol-formaldehyde, poly- 
inyl-butyryl adhesive. For specimens that 
ave been subjected to excessive heating, a 
wrelation was found to exist between the 


ynamic modulus and ultimate bond 
rength. 
ress Cracking of Polyethylene. R. H. 


Carey, Union Carbide & Carbon Corp. 


The mechanical properties of polyethylene 
‘e compared with older, more common mate- 
als. It is shown that polyethylene is not a 
ubber-like”’ or ‘‘elastomeric’’ material but 
ore nearly resembles some soft, non-ferrous 
etals. This comparison is inferred from its 
ystalline structure as determined by X-ray 
ffraction, its stress-strain diagram and the 
qzenomenon of ‘‘stress corrosion cracking.” 
Data for specimens (containing a hole) 
sted in tension while immersed in various 
lids are reported. It is found that a so- 
led ‘‘brittle’’ fracture is produced by the 
‘esence of a hole and is accentuated by cer- 
in fluids. These phenomena are asso- 


ciated with the stress-strain curve. Data 
are reported for several molecular weight 
resins. 


Effects of Elevated Temperatures on Strength 
of Thermosetting Plastic Laminates. N. 
Fried and R. R. Winans, New York Naval 
eH and L. E. Siefert, Bureau of 

ips. 


This paper presents the results of one 
phase of a comprehensive investigation, 
being conducted at the Material Laboratory, 
New York Naval Shipyard, relating to the 
effects of exposure to elevated temperatures 
on the mechanical and electrical properties 
of certain laminated thermosetting plastic 
materials. This phase includes a study of 
the progressive effects of such conditioning 
on the flexural and compressive strengths 
of a glass-melamine and two types of phenolic 
laminate, as determined at the elevated 
temperatures. Temperatures ranged from 
50 C. through 250 C. and periods of condi- 
tioning from 1 through 768 hr. Methods and 
special equipment for making measurements 
at high temperatures are described in detail. 
Results are discussed, criteria for determining 
the maximum operating temperature of the 
materials are set down, and a hypothesis is 
presented to explain observed behavior. 


Outdoor Weather Aging of Plastics Under 
Various Climatological Conditions. S. E. 
Yustein and R. R. Winans, New York 
Naval Shipyard and H. J. Stark, Bureau 
of Ships. 


The results obtained in an investigation 
of the effects of outdoor weather aging under 
widely different climates on a variety of 
plastic materials are reported. Five cli- 
matological regions are represented in the 
program which provides for exposure sites at 
(1) Panama Canal Zone (tropical); (2) 
New Mexico (dry desert); (3) New York 


Churchill, Manitoba, Canada (subarctic); 
(5) Point Barrow, Alaska (arctic). The re- 
port covers exposures for 1, 3, 7 and 12 
months. The program provides for expo- 
sures up to3 yr; subsequent reports will cover 
18, 24, 30, and 36 month exposures. The 
materials employed in the program include 
various types of clear transparent sheet plas- 
tics, laminated sheet materials, and molded 
materials, which are evaluated for a variety 
of physical properties after each exposure. 
On the basis of the data accumulated after 
the completion of the first year’s exposure, it 
is possible to deduce the occurrence of a va- 
riety of effects that appear to be related to 
differences in the climatic and environmental 
conditions and in the exposure periods. 


Report of Committee D-10 on Shipping 
Containers. T. A. Carlson, Chairman. 


Report of Committee D-17 on Naval Stores. 
V.E. Grotlisch, Chairman. 


Report of Committee D-6 on Paper and 
Paper Products. W. R. Willets, Chair- 


man. 


Rotary Screen for Separation of Shives from 
Mechanically Prepared Wood Pulp. 
H. W. Greider, R. A. MacArthur, and 
z C. Gischig, Philip Carey Manufacturing 

O. 


The screen described in this paper was 
developed as part of a cooperative investiga- 
tion by the members of the Asphalt Roofing 
Industry Bureau on the effect of shives in 
Asplund defiberated wood upon the weather- 
ability and over-all quality of prepared roof- 
ings containing Asplund fiber. A wood shive 
is defined as a fiber bundle having a minimum 
lateral dimension and the screen was designed 
to separate fibers and fiber bundles according 
to their lateral dimensions rather than their 
lengths. The use of this screen in conjunc- 
tion with the Bauer-McNett Classifier, which 
evaluates fiber lengths, affords substantially 
complete estimation of the physical char- 
acter of mechanical wood pulp. 


Naval Shipyard (temperate); (4) Fort 
>< 
Friday, June 30 2 p.m. Twenty-first Session 


Held Simultaneously with the Twenty-second and Twenty-third Sessions 


Building Materials, Fire Tests of Materials 


sport of Committee C-11 on Gypsum. 
. S. Wells, Chairman. 


sport of Committee C-7 on Lime. 
Voss, Chairman. 


Witte 


lay 1950 


The Effect of Time and Temperature of Burn- 


; ; reLlimar Pree 
ing on the Properties of Quicklime 
pared from Calcite. J. A. Murray, H. C. 
Fischer, and D. \W. Sabean, Massachusetts 
Institute of Technology. 

Pure calcite, sized to pass a No. 10 sieve and 
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to be retained on a No. 20 sieve, was calcined 
in an electrically heated rotary tube, which 
was provided with continuous feed and dis- 
charge. Over 40 calcinations were made, 
with maximum material temperatures vary- 
ing from 1700 to 2400 F. and with over-all 
retention times varying from 47 to 470 min. 
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The density, porosity, surface area, and re- 
activity with water were determined on each 
of the resulting quicklimes. tt : 
Porosity, surface area, and reactivity with 
water are closely related. Highly porous 
limes have high surface area and a fast rate of 
reaction, while limes of low porosity are 
characterized by low surface area and slow 
reaction with water. : 
The results show that porosity of the quick- 
lime is determined primarily by the rate of 
heating prior to and during calcination, while 
the heating conditions subsequent to cal- 
cination have relatively little effect. When 
material of this size required 35 min. or more 
to reach a temperature of 1700 F., the result- 
ing quicklime was always highly porous, re- 
gardless of subsequent treatment. Quick- 
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lime calcined in increasingly shorter periods 
was correspondingly less porous. 


Report of Committee C-17 on Asbestos- 
Cement Products. H. R. Snoke, Chair- 


man. 


Report of Committee C-8 on Refractories. 
R. B. Sosman, Chairman. 


Report of Committee C-16 on Thermal Insu- 
lating Materials. Ray Thomas, Chairman. 


Report of Committee E-5 on Fire Tests of 


Materials and Construction. A.L. Brown, 
Chairman. 


2 p.m. 


Automatic Control of Thermal Conductivit 
Apparatus. E. M. Herrmann, R. B. Plat 
and W. P. Sinclair, U. S. Naval Enginee 
ing Experiment Station. 


The paper describes flat plate and pir 
test conductivity apparatus used at tk 
U. 8. Naval Engineering Experiment Statio 
for determining the thermal conductivity « 
various insulating materials. The apparats 
previously manually controlled have bee 
modified for automatic operation. Use « 
the automatic features eliminates constar 
surveillance by personnel with increase 
efficiency and yields more accurate and col 
sistent determinations. 


Twenty-second Session 


Held Simultaneously with the Twenty-first and Twenty-third Sessions 


Corrosion of Ferrous and Non-ferrous Metals, Cast Iron, Water 


Report of Committee A-3 on Cast Iron. 
J. S. Vanick, Chairman. 


Report of Committee A-5 on Corrosion of 
Iron and Steel. T. R. Galloway Chair- 


man. 


Report of Committee A-10 on Iron-Chro- 
mium, lron-Chromium-Nickel and Related 
Alloys. Jerome Strauss Chairman. 


Report of Committee B-3 on Corrosion of 
Non-ferrous Metals and Alloys. K. G. 
Compton Chairman. 


A Synthetic Sea Water and Its Corrosion 
Characteristics in Spray Testing. Thomas 
P. May, International Nickel Co., Inc., and 
A. L. Alexander, Naval Research Labo- 
ratory. 

Generalizations about the chemistry of 
ocean water are used as a basis for comparing 
several existing formulas for synthetic solu- 
tions. These have served as substitutes for 
natural ocean water in certain laboratory test 
procesures. This comparison reveals faults 
in these formulas. 

A new formula is proposed with exact re- 
production of ion concentrations which are 
existent in natural ocean water above one 
part per million. Provision is made for 
adjustment of pH and for the addition of 
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heavy metal ions when desired. 

For characterizing the corrosive properties 
of this solution, salt spray tests have been 
conducted on a number of metals, using as 
spray solutions natural sea water, synthetic 
sea water, 3 and 20 per cent sodium chloride. 
The same metals have also be exposed in the 
atmosphere and in sea water at Kure Beach, 
North Carolina. 


Spray Testing with Natural and Synthetic 
Sea Water. Il. A Study of Organic 
Coatings. A. L. Alexander Naval Re- 
search Lab., and Thomas P. May, Inter- 
national Nickel Co., Inc. 


As an extension of the work previously de- 
scribed using synthetic sea water as a medium 
for spray testing, a number of organic coat- 
ings were studied and their behavior noted 
when exposed to the spray of synthetic sea 
water, natural sea water, 3 and 20 per cent 
sodium chloride. 

Typical organic coating systems _were 
selected which find normal application to 
aluminum and magnesium in aircraft, steel 
surfaces in ships, and to metal components of 
mechanized equipment of a type used in the 
field. The data indicate that in general the 
results obtained from the use of synthetic and 
natural sea water agree rather closely; 
whereas the degradation resulting from the 
3 per cent sodium chloride solution is, as 
would be expected, greater than that ob- 


2 p.m. 


tained from the 20 per cent sodium chlorid 
An excellent opportunity is presented f 
comparing the action of brine solutions wit 
natural and synthetic sea water, and tl 
study appears more significant in view of ¢l 
fair Aeclpenae between replicate test spec 
ments. 


Report of Committee D-19 on Industri 
Water. Max Hecht, Chairman. 


Jt. Research Committee on Boiler Feedwat 
Studies. \W. C. Schroeder, Chairman. 


Report of Committee B-5 on Copper ar 
Copper Alloys, Cast and Wrought. G. | 
Harnden, Chairman. 


The Forming Characteristics of Berylliu 
Copper Strip. John T. Richards and El 
worth M, Smith, Beryllium Corp. 


The results of tests to correlate the formi: 
characteristics of beryllium copper strip wi 
usual specification properties including ui 
mate tensile strength, tensile elongation, a: 
Erichsen cup test are reported. Form 
bility is expressed as the minimum ss 
radius for forming a 90-deg. bend by means 
a punch and die setup. The effects of te: 
per, stock thickness, grain size, grain dire 
tion, and heat treatment upon formabili 
and miscellaneous design or specificati 
properties are noted. 


Twenty-third Session 


Held Simultaneously with the Twenty-first and Twenty-second Sessions 


Petroleum Products, Fuels, Road Materials, Rubber 


Report of Committee D-4 on Road and 
Paving Materials. F. H. Baumann, Chair- 
man. 


Report of Committee D-3 on Gaseous Fuels. 
A. W. Gauger, Chairman. 


Report of Committee D-15 on Engine Anti- 
freezes. H.R. Wolf, Chairman. 


The Determination of Freezing Protection 
of Engine Antifreezes. R. E. Mallonee, 
National Carbon Research Labs., and F. L. 
Howard, National Bureau of Standards. 


A simple apparatus and technique for the 
determination of the freezing protection of 
aqueous solutions of engine antifreezes based 
on the farniliar cooling curve technique is 
described. The method was developed after 
extensive testing, by seven laboratories, of 


several proposed methods. Observations 
the cooperating laboratories on the limit 
tions of the apparatus are cited. 


Report of Committee D-2 on Petrole! 
Products and Lubricants. ©O. L. Mal 
Acting Chairman. 


Report of Committee D-11 on Rubber 4 
Rubber-Like Materials. Simon Coll| 


hairman. 


Late in May each member and committee member will receive a reservation form for the Annual Dinner and Luncheons. 


It should be returned promptly. 
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NEW PUBLICATIONS 


New Book of Standards Virtually Completed 
All Six Parts of Widely Used Publication Now in the Mails 


|. 1s doubtful whether 
lany members of the Society devote 
uch of their valuable time in abstract 
winking about the Book of A.S.T.M. 
tandards. They have probably been 
ery busy with their own business ac- 
vities and also with the task of de- 
eloping in committees specific new 
andards or keeping old ones revised. 
[owever, there are some facts about 
ye new 1949 Book of Standards which 
.is well to note, even if briefly. 
For many weeks the various Parts, 
3 noted below, of this Book have been 
ding all over the world, not only those 
) members of the Society, but to those 
ho purchase the many copies for use in 
roduction and use of the hosts of 
iaterials covered. Parts 3 and 6 of the 
ok are now in the mails, Part 3 having 
een completed early in May, and 
uipment of Part 6 started about May 
0. 
‘There are many statistics about the 
ook that we do not know—no one has 
Id us how much it weighs, but the six 
arts constitute quite a load. There 
re not many publications that are is- 
led in six parts, when you eliminate 
ieyclopedias and books of that kind, 
ad few books of this kind aggregate 
ver 8000 pages—nor are there many 
o0ks which can demand a price of $54 
vhich we think is still a “buy” when 
ae considers the thousands of man- 
ours and hundreds of thousands of 
ollars which industry and government 
ave invested in the preparation of these 
ooks). 
All are glad that the job has finally 
xen completed. The poor (?) printer 
on’t get needled about every other 
ay on where certain forms stand, and 
how’s the printing progressing,” etc. 
ur people concerned with editing and 
ublishing standards will utter a few 
ghs of relief (but not for long, be- 
wuse the 1950 committee reports are 
ringing out many new standards). 
he Treasurer who handles the distri- 
ation of the books may find his mail 
mewhat lighter since hundreds of the 
urchasing agents and other people are 


Aay 1950 


not hounding him on ‘‘Why haven’t we 
received part x of the Book of Stand- 
ards?,”’ etc. 

Thousands of the members and others 
who have been patiently waiting for the 
books can now refer to the standards 
reasonably quickly and get them in their 
latest approved form. 

One might almost consider the Book 


of Standards as “Mr. A.S.T.M.” It is 
the most widely distributed and un- ° 


questionably the most important of our 
numerous publications. 


Facilities in Book: 


Considerable effort is expended in 
making the Book as useful as possible. 
The distinctive backstraps help to lo- 
cate it quickly in the bookcase or on 
the desk. A good quality cloth and sub- 
stantial case and binding mean that the 
book will stand up under usage. 

There is in each part a classified table 
of contents and there is also a second 
table of contents listing the specifica- 
tions in order of serial designations. 
Then, each part of the book has a de- 
tailed subject index. With this com- 
bination the user should be able to 
find almost any specification quickly. 

All of these physical attributes are 
important, but the most important thing 
is the authoritative nature of the con- 


1949. Books of A.S.T.M. Standards 


Part 1—Ferrous Metals 
Part 2—Non-Ferrous Metals 
Part 3—Cementitious, 


terials 


Part 4—Paint, Wood, Adhesives, 


List prices for Parts 1, 5, and 6, $10 each; Parts 2, 3, and 4, $8 each. 
To A.S.T.M. members for extra copies: Parts 1, 5, and 6, $7.50 each; 
Parts 2, 3, and 4, $6 each. A complete set of all six Parts, $54; to 


A.S.T.M. Members, $40.50. 


annual dues statements. 


EE 


ASTM BULLETIN 


. essential, 


Part 5—Fuels, Petroleum, Aro- 
Soils, 
Road and Waterproofing Ma- 


matic Hydrocarbons, Soap, 
Water, Textiles 
Part 6—Electrical Insulation, 


Members may procure on their membership any one Part without extra 
charge and additional parts at nominal annual charges shown on the 


tents. The publication might be bound 
in the best leather, printed on the most 
expensive coated stock, and be glorified 
in many ways, but what makes the 
publication of distinctive value would 
still not be altered. The fact that the 
specifications and tests included are 
competent, unbiased, widely applic- 
able, and authoritative is the basic 
element for the utility and widespread 
use of the books. What makes these 
standards of such a high order of ex- 
cellence is a combination of loyal co- 
operation and intensive effort by thous- 
ands of leading experts in many fields, 
working through committees that are 
headed by conscientious officers; the 
whole is focused through a time-tested 
procedure which insures that all inter- 
ests concerned may have a _ voice. 
Neither the standards nor the books are 
perfect, but they represent the best 
judgments of men who are outstand- 
ing in their fields—men who under- 
stand that compromise is frequently 
but who nevertheless are 
always striving to improve the quality 
of the thousands of materials covered in 
A.S.T.M. standards. 

We, too, have little time for abstract 
thinking about the book, but this out- 
standing publication certainly provides 
plenty of food for thought. 


Shipping Containers, Paper 


Plastics, Rubber 
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New Symposiums and Compilations Available 


Tue completion of 
Parts 3 and 6 of the 1949 Book of 
Standards has allowed the simultane- 
ous appearance of a number of com- 
pilations of standards which have 
been eagerly awaited by interested 
segments of the materials field. Some 
of these compilations recently released 
are on Cement; Mineral Aggregates, 
Concrete, and Nonbituminous High- 
way Materials; Glass; Electrical In- 
sulating Materials; Plastics; and 
Rubber Products. Also off press during 
the past few weeks were the 1950 Ap- 
pendix to A.S.T.M. Manual of Engine 
Test Methods for Rating Fuel, and two 
symposiums—Evaluation Tests for 
Stainless Steels and Accelerated Dura- 
bility Tests of Bituminous Materials. 

A new collection of data has also 
been published and represents a revi- 
sion of Tables of Chemical Composi- 
tions, Physical and Mechanical Proper- 
ties of Wrought Corrosion-Resisting 
and Heat-Resisting Chromium and 
Chromium-Nickel Steels. Brief re- 
views of some of these are offered below. 


Symposium on Accelerated Durability 
Tests of Bituminous Materials: 


In AN earnest attempt to 
lay the foundation for the standardiza- 
tion of testing procedures and appara- 
tus for bituminous materials by present- 
ing accumulated data on related phases 
of durability and accelerated service 
tests, this symposium was sponsored by 
Committees D-4 on Road and Paving 
Materials and D-8 on Bituminous 
Waterproofing and Roofing Materials. 

The 13 papers, introduction, and dis- 
cussions of the papers describe the use 
and tests of asphalt, tar, and pitches 
for highway and roofing applications. 
The papers include: 


A Review of Accelerated Test Methods 
for the Evaluation of Road Tars— 
E. O. Rhodes, 

Characteristics of Carbon Are Light 
Sources for Accelerated Exposure 
Testing—W. W. Lozier, 

Behavior of Bituminous Road Materials 
Under Accelerated Exposure Condi- 
tions and Laboratory Heat Tests— 
Richard H. Lewis, 

Accelerated Weathering of Road Tars— 
E. W. McGovern, 

Immersion-Compression Tests Com- 
pared with Laboratory Traffic Tests 
on Bituminous Concrete—A. T, 
Goldbeck, 

The Use of an Abrasion Test as a Meas- 
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ure of Durability of Bituminous Mix- 
tures—John H, Swanberg and W. L. 
Hindermann, 

Test Methods for Performing Accel- 
erated Durability Tests on Asphalts— 
T. EH. Stanton and F. N. Hveem, 

Durability Tests—A Word of Caution— 
G. L. Oliensis, 

Accelerated Weathering of Pitches and 
Asphalts—W. F. Fair, Jr., H. R. 
Beck, and B. K. McKee, 

Mineral Stabilizers in Asphalt Roofing— 
L. Kirschbraun, R. H. Cubberly, and 
F. W. Yeager, 

A New Photographic Method for Eval- 
uating Failure of Bituminous Mate- 
rials Due to Weathering—J. B. 
Hunter, F.C. Gzemski, and L. Laskaris, 

The Design and Application of a Spark- 
Gap Instrument for Detecting Crack 

_ Failures of Asphalt Coatings During 
Weathering Tests—A. H. Boenau 
and L. A. Baum 

Experience with Radiation in Accel- 
erated Durability Tests on Bitumi- 
nous Materials—Joseph Zapata. 


The 188-page Symposium (STP 94), 
6 by 9 in., with heavy paper cover is $2 
per copy; to A.S.T.M. members the 
price is $1.50. 


Evaluation Tests for Stainless 


Steels—STP No. 93: 


For workers in the field of stainless 
steel, there always has been a need for a 
laboratory testing technique that could 
be used to establish the effects of com- 
position or heat treatment, or both, on 


. the corrosion-resisting characteristics 


of stainless steels. On this basis, cer- 
tain more or less standard corrosion- 
testing techniques have been devised 
and applied. Of necessity, these test- 
ing techniques have required the use of 
specific corrosive media under arbi- 
trarily chosen testing conditions with 
respect to chemical concentration, tem- 
perature, duration of test, and the like. 
The most used of these testing methods 
have been the boiling nitric acid test as 
covered by A.S.T.M. Designation A 262 
the so-called Strauss or acid copper 
sulfate test, and to a lesser extent, tests 
in mixtures of nitric and hydrofluoric 
acids. ; 

This symposium, therefore, was ar- 
ranged, presented, and published to 
provide a review of experience with 
these evaluation test methods and the 
relation of results secured with them to 
the performance of the stainless steels 
under actual conditions of use. 

The papers and discussions in the 
symposium were presented at the 1949 
Annual Meeting under the sponsorship 
of Committee A-10 on Iron-Chromium, 
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Iron-Chromium-Nickel and Related A 
loys. 

In the symposium are the followit 
papers and discussions: 


Present Knowledge of Low-Carbon 18-8 
H. W. Gilbert 

Corrosion Resistance and Mechanic 
Properties of Low-Carbon Austenit 
Stainless Steels—D. C. Buck, J. 
Heger, F. J. Phillips, and B. R. Quene: 

Accelerated Corrosion Testing of Chr 
mium-Nickel Stainless Steel Wel 
ments—F. K. Bloom and M. E. Ca 
ruthers 

An Appraisal of Methods for Evaluatir 
the Corrosion Resistance of Stainle 
Steels—M. H. Brown, W. B. DeLon 
and W. R. Myers 

Some Observations on Tests for Inte 
granular Susceptibility of 18-8 M 
Stainless Steels—Hilmer Ebling ar 
M. A. Scheil 

Influence of Carbon and Molybdenum 
the Intergranular Corrosion Resis 
ance of Austenitic Chromium-Nick 
Steels With and Without Columbium- 
W. O. Binder and C. M. Brown 

Comparative Corrosion Resistance | 
Stainless Steels in Various Acids—R. ] 
Mears, C. P. Larrabee, and C. J. Fetn 

Comparison of Plant Corrosion Test Ri 
sults on Austenitic Stainless Steels wit 
Results of Huey and Strauss Tests- 
H. O. Teeple 

Results of Some Plant Corrosion Tes 
of Welded Stainless Steels—G. ] 
Comstock 

Testing Multiple Specimens of Stainle: 
Steels in a Modified Boiling Nitric Ac: 
-Test Apparatus—W. B. de Long 

General Discussion 


A multitude of tables, charts, curv 
are included as well as many excelie: 
photomicrographs of various alloy stru 
tures useful in analyses and evaluatic 
tests. 

The symposium contains 200 pag 
and is $2.50. To members the price 
$1.85. 


1950 Appendix to A.S.T.M. Manu. 
of Engine Test Methods for Rati 
Fuels: 


Tuts Appendix was pu 
pared by the Division on Combustie 
Characteristics of A.S.T.M. Committe 
D-2 on Petroleum Products and Lub: 
cants. It includes changes (throu; 
1949) in the 1948 A.S.T.M. Manual | 
Engine Test Methods for Rating Fue 

The 1950 Appendix includes coy 
plete information on installation ai 
use of the Detonation Meter for t 
Motor Method and the Resear 
Method as optional equipment for t 
bouncing pin. It also includes revis 
statements regarding the reproducil! 
ity of the five standard methods | 
rating motor, aviation, and diesel eng} 
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lels. Included also are revisions 
dopted in 1949 in the aviation method 
nd in Supplements IT and IV. 

The 1950 Appendix includes infor- 
1ation on the use of a jacketed carbu- 
stor for rating experimental fuels of 
igh vapor pressure, which should prove 
f considerable interest to refiners using 
1els of this type in their blending opera- 
ons. 

For convenience of the operators, a 
ummary table of the main equipment 
squired is included, as is also a list of 
scommended torque values for use 
hen reassembling the test engines 
fter overhaul. 

A list of equipment changes has been 
rought up to date and includes changes 
arough 1949 so engine owners can 
etermine whether their test units are 
tandard and in accordance with latest 
pproved changes. The list covers the 
aajor changes adopted since 1940 which 
an be checked by visual inspection. 
_ list of errata and editorial changes in 
1e 1948 Manual is also presented. 

The 32-page Appendix is $1; the price 
A.S.T.M. members is 75 cents. 


-10 Tables: 


A newly revised and published set of 
ata on the compositions and proper- 
es of the wrought corrosion-resistant 
od heat-resistant chromium and chrom- 
im-nickel steels and alloy castings has 
een assembled by Subcommittee I on 
lassification of Data, of Committee A- 
J on Iron-Chromium, Iron-Chromium- 
fickel, and Related Alloys. 

Data were collected and tabulated for 
ubcommittee I of Committee A-10 by 
ussell Franks of the Electro Metal- 
irgical Division, Union Carbide and 
arbon Corp.; J. W. Juppenlatz 
ebanon Steel Foundry; V. N. Krivo- 
ok and F. L. LaQue, International 
fickel Co., Inc., and E. A. Schoefer of 
1e Alloy Casting Institute. The data 
ere edited by F. P. Peters of Materials 
nd Methods, Chairman of Subcommit- 
xe I. 

The data represent (a) an interim 
svision of the ‘Tables of Chemical 
ompositions, Physical and Mechanical 
roperties of Wrought Corrosion-Re- 
sting and Heat-Resisting Chromium 
ad Chromium-Nickel Steels,” pub- 
shed by the A.S.T.M. in 1942, plus (5) 
n entirely new section of data on cast 
on-chromium and iron-chromium- 
ickel alloys, not previously included in 
1is publication. This is the first edi- 
on of these tables in which data for 
1e cast alloys are presented along 
ith the wrought. 

The present classification provides 
ata on those stainless steels that have 
sceived the widest commercial usage. 
he data have been divided into two 
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parts—Part I on Wrought Alloys and 
Part IIT on Cast Alloys. Section A of 
Part I covers the wrought hardenable 
and nonhardenable ferritic straight 
chromium steels. The ferritic steels 
hardenable by heat treatment are 
indicated in the tables as martensitic 
and those not hardenable as simply 
ferritic. Section B of Part I covers the 
wrought austenitic chromium-nickel 
steels. Part II covers the cast alloy 
materials of these general compositional 
ranges. Section A covers the corrosion- 
resistant alloys and Section B the heat- 
resistant alloys. 

The revision of the wrought steel 
data has been limited to bringing them 
up to date and to the inclusion of cer- 
tain data on recently developed steels 
not presented in the previous edition. 

The data for the different steels have 
been condensed to the simplest form to 
provide a ready reference for both the 
maker and user of the steels. As pre- 
viously indicated, inspection has been 
made of a large amount of data, and 
those included herein provide the pres- 
ent representative information on the 
steels covered, as obtained from both 
producers and consumers. Single figures 
rather than ranges have been used to 
describe the several properties of these 
steels. These figures are representative 
values and not minimum or average 
values except where otherwise noted 
in the tables. The values in these 
tables should not be considered as 
specification figures as these may be 
found in the appropriate A.S.T.M. 
standards for this class of material as 
referred to in the tables. 

While the classification of these data 
has been made under the jurisdiction of 
Subcommittee I of A.S.T.M. Commit- 
tee A-10, it would have been impossible 
without the aid of the various groups 
that cooperated with this subcommittee, 
including the principal manufacturers 
and users of stainless steels, alloy cast- 
ings, and alloying agents. Special 
thanks are due the Technical Committee 
on Stainless Steel of the American Iron 
and Steel Institute and the Specifica- 
tions and Designations Committee of 
the Alloy Casting Institute for their 
close and helpful cooperation, and for 
the use of so many data provided di- 
rectly by them, in the preparation of 
these tables. 

The data are included in 80 pages, 
paper bound, and sell for $2.50. Mem- 
ber’s price is $1.85. 


Prices Reduced on Books 


OccasIonaLLy the stock of 
some A.S.T.M. technical books which 
have been issued a few years back is such 
that it is desirable to conserve storage 
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space and reduce inventory, and one 
method has been to offer some of these 
publications at considerably reduced prices. 
While the list of publications on which re- 
duced prices have recently been estab- 
lished may seem an imposing one, it should 
be remembered that the Society issues a 
large number of books and reprints. The 
list prices of the books noted have been 
reduced from one third to one half, with 
corresponding reductions for members. 

The publications noted here contain a 
wealth of authoritative technical informa- 
tion and data, much of it still up to date 
even though the books may have been 
issued some time ago. 

One or more copies may be ordered at 
the special prices noted: 


List To Members 


1943 Symposium on 
Radiography $2.50 $1.85 
1944 Symposium on 
Plastics $1.00 75 cents 
1944 Symposium on 
Rubbers $1.00 75 cents 
1946 Booxs 
Statistical Quality 
Control 50 cents 25 cents 
Atmospheric Expo- 
sure Tests on 
Non - Ferrous 
Metals $1.00 75 cents 
Oil Procurement 
Practices 50 cents 40 cents 
1947 Booxs 
Testing Bearings $1.00 75 cents 
Testing of Parts 
and Assemblies 75 cents 60 cents 
1947 Rubber Test- 
ing $1.00 75 cents 
1947 Synthetic Lu- 
bricants 50 cents 40 cents 
Measurement of 
Entrained Air in 
Concrete $1.00 75 cents 
Forum on Diesel 
Fuel Oils 50 cents 40 cents 
1948 Books 
Methods and Pro- 
cedures Used in 
Identifying Reac- 
tive Materials in 
Concrete $1.00 75 cents 
Forum on Tractor 
Fuels 50 cents 40 cents 
Functional Tests 
for Ball-Bearing 
Greases $1.00 75 cents 
Influence of Non- 
Ferrous Metals 
and Their Com- 
pounds on the 
Corrosion of 
Pressure Vessels 50 cents 40 cents 


Editorial Error in Part 2, 1949 Book 
of Standards 


In THE Standard Specifi- 
cations for Copper Silicon Alloy Rods, 
Bars, and Shapes (B 98 — 49) the title of 
Table II on page 99 of Part 2, 1949 
Book of A.S.T.M. Standards should read 
“Tensile Requirements” and the last 
column of the table covering bend test 
requirements should be deleted. 

The same correction should be made 
on page 99 of the December 1949 issue 
of “A.S.T.M. Standards on Copper and 
Copper Alloys.” 


5 | 


MAY 1950 


NO. 166 


NINETEEN-SIXTEEN 
RACE STREET 
PHILADELPHIA 3, PENNA. 


Important Examples of 


How Adequate Standard Tests 


Advance Research 


—Standards Spearhead Development in Many Fields—— 


1 vital importance of 
standard specifications and test methods 
in the procurement and use of materials 
is apparent to almost everyone who 
produces or uses materials in any quan- 
tity. It is also apparent that the use of 
standards in procurement can be ex- 
panded and that there are numerous 
instances where adequate standards are 
not yet available. But there exists 
one broad area of application of stand- 
ards which has been literally “hiding 
its light under a bushel.’’ This is the 
very important application of standards 
in research and promotion of the many 
products that come from research. 

To show how standards tie in with 
research, several case histories have ap- 
peared in recent ASTM Butterins. 
Fields of paint, petroleum, high tem- 
perature alloys, gaseous fuels, and 
others have been noted, the articles 
being based on communications sent by 
members of the Society to the Commit- 
tee on Developmental Activities of the 
Board of Directors. 

The case histories noted below in the 
trenchant style of Past. President J. R. 
Townsend, relate to a variety of mate- 
rials fields. It is logical that in writing 
on the subject, Mr. Townsend should 
note the application of standards and 
research over the whole materials field, 
because he was for many years Mate- 
rials Standards Engineer and for some 
time has been Materials Engineer of 
Bell Telephone Laboratories, Inc: He 
has been active in numerous phases of 
A.S.T.M. work and on many of its 
technical committees. He has been 
chairman of Committee B-6 on Die- 
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Cast Metals and Alloys for over fifteen 
years. He also represents the Society 
on the Standard Council of the Ameri- 
can Standards Association. 

This series of articles dealing with the 
significance of standards in research has 
been appearing under the auspices of 
the Developmental Committee of the 
Board of Directors. This committee 
was formerly headed by A. G. Ashcroft, 
and in his discussions with Mr. Town- 
send this important concept of the sig- 
nificance of standards in developmental 
work was first considered. Later dis- 
cussions in the committee led to con- 
tacts with other members and eventually 
the whole problem of the Society’s 
promotional activities was considered 
in the Board and has led to a new ad- 
ministrative committee now being or- 
ganized to consider the broad problems 
of promoting the use of standards, the 
significance of the Society’s work and 
other related matters. 


A.S.T.M. Test Methods 


in Research 
By John R. Townsend 


OnE oF the best ap- 
proaches to research is to devise and re- 
fine the methods and tools of measure- 
ment that may be involved. It is only 
to the extent that-we are able to judge 
the value of innovations by significant 
measurement can we be assured of con- 
structive forward progress. In the field 
of the development of methods of ,test 
and measurement and their cooperative 
acceptance by industry the A.S.T.M. 
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has done outstanding service to engi 
neering. I recall the following example 
which illustrate the relationship be 
tween A.S.T.M. test method develop 
ment and subsequent use of the tes 
as an instrument of research. 


Steam Chest Test: 


It was early recognized that we 
steam, 95 C., would accelerate phas 
changes and corrosion with die-castin 
alloys of zinc containing some aluminum 
This test would produce results in abou 
96 hr. With the use of this test as a 
instrumentality, it was possible t 
develop die-casting alloys that woul 
be stable and this resulted in the devel 
opment of the Zamak alloys upon whiel 
the present zinc-base die-casting indus 
try is based. The steam chest tes 
continues to be used as a means 0 
determining instability of alloys com 
posed of metals widely separated in th 
electrochemical series. 

A.S.T.M. Committee B-6 on Die 
Casting Metals and Alloys is the grow 
in A.S.T.M. which fostered this im 
portant work involving die castings 
The Specifications for Zinc-Base Allo: 
Die Castings, B 86, was first issued i 
1981 and has been revised on severa 
occasions since that time. 


End Quench Test: 


This test for hardenability of steel 
or “Jominy” test, was originally devel 
oped as an end point test to determin 
the suitability of steel for hardening 
This was originally developed as a wa 
measure and is now broadly used as a 
end point test to indicate the hardenin 
characteristics of steel. In fact, th: 
test has revolutionized the thinkin 
with respect to hardening of steels, an 
it is to be expected, looking to the futur« 
that chemical analysis may be of rel 
tively little importance. This test | 
widely used as a research tool in th 
development of heat-treating methoc 
and new alloys, and in studying th 
relationship between hardenability, see 
tion size, and such properties as impac¢ 
resistance, ductility, notch-bar sens 
tivity, and endurance limits. 

A good many organizations are usir 
the end quench hardenability bands 1 
procure steel. The A.S.T.M. test c 
which limits are based is A 255, und 
the jurisdiction of A.S.T.M. Committ¢ 
A-1 on Steel. To permit plotting har¢ 
enability curves, a standard chart wi 
developed for use with the test. : 


Salt Spray Test for Electrodeposited Coa 
ings: 

This test was originally developy 
to determine the suitability of zi! 
coatings in service. It is now wide 
used as a research tool for the selecti¢ 
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f coating processes, design of anodes, 
nd for correlation testing with service 
xperience. Results of this test have 
irgely revolutionized thinking with 
espect to electroplating methods and 
ave resulted in more efficient use of 
lating. This test has also aided the 
evelopment of automatic plating. 
The A.S.T.M. Tentative Method of 
alt Spray (Fog) Testing (B 117) was 
ssued some ten years ago and the latest 
evision incorporated in 1949, This 
1ethod has also been approved by the 
merican Electroplaters Society. 


‘ore Loss Test: 


In the field of magnetic materials, the 
ore loss test has been widely used to 
mprove the quality of magnetic iron 
rocessing methods. with respect to 
ailing sheet and has advanced the 
tudy of scale and scale adherence. 
This test is found in A.S.T.M. Meth- 
ds A 343-49, Alternating Current Core 
ss and Permeability of Magnetic 
Materials, which is used in conjunction 
‘ith the general Methods of Testing 
f Magnetic Materials, A 34. 


‘-ray Diffraction Identification of Crys- 
talline Materials: 


This test, by the Hanawalt method 
n A.S.T.M., the Recommended Prac- 
ce E 48) is widely used as a research 


per aseeeere eer oe 
Important Note on Cop- 
per Requirement in 
: Flange and Firebox Steel 
Plate Specification 


| TENTATIVE Specifi- 
cations A 285 — 49 T for Low and 
Intermediate Tensile Strength 
- Carbon Steel Plates of Flange and 

Firebox Qualities as printed in 
Part 1 of the 1949 Book of Stand- 
_ards and in the special compila- 
tion “‘A.S.T.M. Specifications for 
Steel Flat Products” soon to be 

issued contains an important edi- 
torial error in Table I on Chemical 
~ Requirements. 

The maximum copper content 
requirement of 0.35 per cent for 
all grades of both flange and fire- 

box quality plates should be de- 

_leted from Table I. In its place a 

Footnote 6, referenced after the 
table title, should be added below 
the table to read: 


“> Steel plate furnished to 
these specifications may be 
ordered in copper steel; when 
so ordered the copper content 
in such plate shall not exceed 
0.35 per cent on ladle analy- 
sis.” 
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tool in the study of alloys, Quoting 
directly from E 48, it “is advantageous 
for the analysis of unknown materials 
in that it gives the state of chemical com- 
bination of the elements present, re- 
quires only minute test specimens and, 
m general, does not require great accu- 
racy of measurement.” Data for the 
identification of about 4200 compounds 
for use with this recommended practice 
have been compiled in a Card Index File, 
now being issued in revised form. 


Rockwell and Superficial Hardness Tests: 


The Methods of Test for Rockwell 
Hardness and Superficial Hardness of 
Metallic Materials found in A.S.T.M. 
Method E 18 are basic to control of heat 
treatment, alloy composition of both 
ferrous and non-ferrous metals, and are 
widely used in research and develop- 
ment. They are also used in the diag- 
nosis of troubles occurring in the field. 


Magnetic Particle Testing of Metallic 

Parts: 

The magnetic particle testing of 
metallic parts to show tears, cracks, 
inclusions, shrinkage, and blowholes 
is almost too widely known to be men- 
tioned. Nevertheless, it is a most 
useful tool in metallurgical research and 
inspection of castings. After all, each 
casting is a universe unto itself and the 
magnetic particle testing is a very 
widely used adjunct to X-ray inspection. 

The A.S.T.M. Methods of Magnetic 
Particle Testing and Inspection of 
Heavy Steel Forgings, and of commer- 
cial steel castings, A 275 and A 272, 
respectively, were issued during the last 
war so that there would be standardized 
procedures and techniques for carrying 
out the tests. 


Mercurous Nitrate Test for Copper and 
Copper Alloys: 


This test (A.S.T.M. Method B 154) 
is widely used to detect susceptibility to 
season cracking. This method is a 
specific requirement for condenser tubes, 
and for wrought brass, bronze castings, 
and the like and is widely used in 
metallurgical studies. 


Tests for Electrical Resistance Alloys: 


There is a whole series of tests for 
electrical resistance alloys: namely, 
resistivity, A.S.T.M. Method B 63; 
thermoelectric power, B 77; and tem- 
perature resistance constants, B 114 and 
B 84. These tests are basic to the 
whole field of resistance alloys and are 
widely used as engineering tests and 


‘research studies of alloys. 


Low Temperature Testing of Plastics: 

The aging of plastics is indicated by a 
rise in the low-temperature brittleness 
value. This fact is the basis of one of 
the most widely used tests for the study 
of deterioration of organic materials and 
their suitability for low-temperature use. 
The value can be determined by 
A.S.T.M. Method D 746, Test for 
Brittle Temperature of Plastics and 
Elastomers. 


Although not by any means an 
exhaustive list, this covers a few cases 
that come to mind. I am certain that 
it would be easily possible to go through 
the A.S.T.M. standards and check off a 
great number of test methods which are 
widely used and frequently are essential 
in research work. I think you have 
placed your finger on an area of A.S.- 
T.M. work that is in need of as much 
publicity as can be given it. 


S. E. Fitterer New Member of 
A.S.1.M. Headquarters Staff 


SpHetpon FE. Firrerer has 
recently joined the Headquarters Staff in 
Philadelphia, reporting to the Society’s 
Technical Secretary. He will be con- 
cerned primarily with editorial work of a 
broad nature, but involving especially 
standards, reports, and committee publica- 
tions. 

After attending Rutgers University, he 
was employed with E. I. du Pont de 
Nemours & Co., and then was technical 
writer with the U. S. Signal Corps, War 
Department. Subsequently he became 
Supervisory Editor with the General Elec- 
tric Co. in Schenectady. Later he was 
Assistant to the Advertising Manager of 
Thomas A. Edison, Inc., and then re- 
turned to the du Pont organization. 

His work at Rutgers has been supple- 
mented by courses at Temple University 
and also company-sponsored courses. A 
native of New Jersey, he is at present re- 
siding in Newcastle, Del. 

Including Mr. Fitterer, the Society start 
at Headquarters now totals 54. 
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A aagae ra ae ae ae 
Pacific Coast 
Technical Papers 


Several of the papers presented 
at the First Pacific Area Meeting 
of A.S.T.M., last fall, have al- 
ready been published (January, 
February, and April, 1950, ASTM 
BuuuetTins). Many more. will 
appear in forthcoming issues or in 
other Society publications. A 
few are appearing in Western Con- 
struction News and Foundry as 
was announced in the April 
BULLETIN. 

A complete list of the papers 
presented at the Pacific Area 
Meeting appears in the current 
volume of Proceedings (1949) with 
an indication of the form and 
place in which each will be pub- 
lished. 
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Use of A.S.T.M. 
Radiographic Standards 


THE accompanying photo- 
graph shows the use of the A.S.T.M. 
Industrial Radiographic Standards for 
Steel Castings which the Society pub- 
lished and which have been rather 
widely distributed among leading steel 
casting producers and users. The pur- 
pose of these standards is to aid in 
“classifying defects revealed in castings 
subjected to radiographic inspection. 
In the picture the gammagraph at the 
left is being compared with the A.S.T.M. 
film by LeRoy Fink, Metallurgical 
Technician and James T. Gow, Chief 
Metallurgist, Electric Steel Foundry, 
Portland, Ore. This active organiza- 
tion, a Company Member of A.S.T.M., 
makes entensive use of the A.S.T.M. 
Standards. This illustration was part 
of an article in the company’s house 
organ, The ESCO Ladle, which described 
the part which gamma radiography 
plays in steel casting production. It is 
of interest to note that Mr. Gow did 
early pioneering work in the use of 
gamma radiography when he was at the 
U. S. Naval Research Bureau in the 
1920’s. 


DISTRICT ACTIVITIES 


Cane interesting 
recent meetings have been held under 
the auspices of the A.S.T.M. Districts in 
St. Louis, Chicago, New England, and 
Western New York-Ontario. Short 
news accounts of the St. Louis and 
Chicago meetings appeared in the April 
Butietin. No attempt is made in the 
few notes that follow to detail the meet- 
ings, but rather to give a general ac- 
count. In each case the meetings were 
well attended. 


New England, April 10—Competitive 
Sources of Energy: 


There were about 100 members and 
visitors at the New England meeting at 
Northeastern University in Boston on 
April 10. Warren K. Lewis, Professor 
Emeritus of Chemical Engineering, 
Massachusetts Institute of Technology, 
discussed Competitive Sources of 
Energy. One of the pioneering leaders 
in the development of the new concept of 
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chemical engineering, Dr. Lewis, who 
recently received the New England 
Award for 1950 presented by the Engi- 
neering Societies of New England, dis- 
cussed the relationship of such fuels as 
coal, petroleum, gas, electrical energy 
and others. The interrelation of some 
of these fuels was noted and reference 
made to some of the possibilities now 
being explored, such as the use of oil 
shales. Dr. Lewis spoke in his usual 
interesting informal fashion. At the 
close there was considerable discussion 
on the responsibilities of the engineer 
and scientist in insuring that our fuel 
sources are used to best advantage. 


Western New York-Ontario, April 21— 
Functional Photography: 


Some details of this meeting were 
noted in the April Bunnerin. About 
75 members of the A.S.T.M. and the 
Engineering Institute of Canada at- 
tended the dinner and technical session 
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which featured a talk by George Eatc 
of the Eastman Kodak Co., in conne 
tion with the Eastman film, “Function. 
Photography.” O. W. Ellis, Chairme 
of the A.S.T.M. Western New Yor. 
Ontario District, and A. G. Aspli 
Chairman of the Niagara Peninsw 
Branch of the E.1.C., presided jointly | 
the meeting. A.S.T.M. President J ¢ 
Morrow came over to St. Catharin 
from Hamilton and spoke briefly, ¢ 
pressing his appreciation of the privile| 
of being President of the Society az 
reasserted that great honor had be) 
accorded Canada by his election. | 
During the afternoon, members | 
both organizations enjoyed plant vis} 
to the Decew Falls power station of t 
Hydro-Electric Power Commission | 
Ontario, and the Thorold plant of t 
Ontario Paper Co. | 
This is the second of two excelle 
meetings which have been sponsol 
recently by the local sections of 
E.I.C. and A.S.T.M. | 
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Vestern and Southern Members Meet in Various Centers 


roups in Los Angeles and San Francis 
Twin Cities, Portland, Dallas, Houston, New Orleans 


A.S.T.M. Mempers in 
veral western and southern industrial 
nters met together for the first time 
ring a visit in March to the West 
oast by Assistant Secretary R. J 
uinter. It had been planned that a 
ember of the staff would visit San 
rancisco and Los Angeles, meeting 
ith our district councils there, to 
mtinue a development of the in- 
eased A.S.T.M. activities which were 
imulated by the very successful First 
ycific Area National Meeting in San 
ancisco in October. On the way to 
e Coast the Assistant Secretary at- 
ded a dinner meeting of the members 
Minneapolis-St. Paul, and in Port- 
id, Ore., and following the Los Angeles 
trict meeting, briefly described be- 
vy, visits were made to Dallas, Hous- 
m, and New Orleans where luncheon 
eetings of the members were held. 
During the past ten years or so, the 
mbership has increased consider- 
ly in many Western and Southwestern 
ustrial areas, and although it is not 
ticipated that any new A.S.T.M. 
istricts will be organized, it was felt 
_be advantageous from several stand- 
ints, to have our members get to- 
ther, meet each other, and discuss 
iy pertinent A.S.T.M. activities which 
duld be especially significant from the 
andpoint of the respective areas. 

A similar pattern prevailed for the 
eetings except for the Pacific Coast 
ties. Following an assembly period 
hen our members met each other, 
ere was a short illustrated talk by the 
ssistant Secretary, followed by a gen- 
al discussion. Members who cooper- 
ed closely in arranging the lunch- 
ms or dinners, included the following: 


win Cities: Fred G. Wehmer, Minne- 
sota Mining & Mfg. Co., H. G. Burn- 
ham, Northern Pacific Railway Co. 
and J. H. Swanberg, Minnesota High- 
‘way Dept. 

ORTLAND: T. K. May, West Coast 
Lumbermen’s Assn., H. H. Richmond, 
Electric Steel Foundry Co., and S. H. 
Graf, Oregon State College. 

in Francisco: T. Parker Dresser, 
Abbot A. Hanks, Inc., Dozier Finley, 
Research Consultant, Paraffine Cos., 
and Paul V. Garin, Southern Pacific 
Co. 

os ANGELES: Claude E. Emmons, The 
Texas Company, Fred J. Converse, 
Calif. Institute of Technology, and 
H. W. Jewell, Pacific Clay Products. 
ALLAS: Edwin Joyce, American Petro- 
leum Institute, J. M. Frankland, Chance 
Vought Aircraft Div., United Aircraft 
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co Convene; 


Initial Meetings in 


Corp., and E. F. Schmidt, Lone Star 
Gas Co. 


Houston: A. C. Speer, Johns-Manville 
Corp., and C. 8. Wilson, Texas & New 
Orleans Railroad Co., and Roy E. Hall, 
Wyatt Metal and Boiler Works. 

New OrtEans: Cecil E. Shilstone, Shil- 
stone Testing Laboratory. 


In Portland, Prof. S. H. Graf, Direc- 
tor, Engineering Experiment Station, 
Oregon State College, discussed the 
development of the testing of materials 
and products and described some of the 
early formitive years of A.S.T.M. He 
had with him a copy of the Society’s 
first volume of Proceedings from which 
he quoted and mentioned the names of 
many of those who pioneered in A.S.- 
T.M. activities, including Howe, Merri- 
man, Marburg, Dudley, and many 
others. He praised the work of A.S.- 
T.M. and expressed the hope that a 
Society group might be organized in this 
area. With Professor Graf at the meet- 
ing were a number of other A.S.T.M. 
members and his associates from Ore- 
gon State College. 


The meeting in San Francisco was 
confined to the District Council which 
discussed several items of business. 
This group, together with members 
from the Southern California Council, 
was the nucleus of the Arrangements 
Committee which “spark-plugged”’ the 
October National Meeting. Reference 
is made elsewhere to a number of pub- 
lications resulting from this mecting. 


Dinner Meeting in Portland: From l. to r.: 


Society Activities: 


Some of the chief purposes of this 
trip were to stimulate membership and 
to impress on our members in these 
centers, the desirability of participa- 
tion in technical committee activities 
where this is feasible. Although dis- 
tance sometimes is an obstacle for active 
participation in committee work, yet 
many important developments are tak- 
ing place and our members there should 
take part in the considerations involv- 
ing standards and research. 


Southern California Meeting 


CoIncipINe with the visit 
to Los Angeles of the Assistant Secre- 
tary, the Southern California District 
held a meeting on Thursday, March 23, 
at the Rodger Young Auditorium. 
The program was designed specifically 
for the A.S.T.M. membership and, 
deviating somewhat from the district’s 
customary procedure, invitations were 
not extended to members of other sec- 
tions and chapters, although anyone 
interested was welcome. 

Following dinner, the program pro- 
ceeded as follows: 


Illustrated Talk on A.S.T.M.—R. J. 
Painter, Assistant Secretary 


A.S.T.M. Commitrer ActTIvITIES 
Broucut Up To Date 


Petroleum—George Lake, Research Su- 
pervisor, Union Oil Co. 

Rubber—R. B. Stringfield, Consulting 
Chemical Engineer 

Ceramiecs—Norman Kelch, Technical 
Director, Brick Manufacturers Assn. 
of So. Calif. 

Plastics—John 


Delmonte, Technical 


Director, Plastics Inst. 
Ferrous Materials—E. O. Bergman, 


H. H. Richmond, Electric Steel Foundry 


: Prof. S. H. Graf, Oregon State College; T. K. May, West Coast Lumbermen’s 
ren Pad R. J. Painter, Assistant Secretary, A.S.T.M. 
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Technical Adviser, C. F. Braun and 
Co. 
Non-Ferrous Materials—Frank Bolte, 
Assistant Chief Engineer, North 
' American Aviation 


Several of the-talks were based on 
latest developments from committee 
meetings held- either during A.S.T.M. 
Committee Week, or in the first quarter 
of the year. Mr. Boltestressed emphat- 
ically, the need for tests which will give 
us a better evaluation of the properties 
of materials as used in airplane struc- 
ture or in other places where the designer 
wishes to make use of maximum proper- 
ties of a material. He felt that in the 
fields which provide the bulk of ma- 
terials used in the aircraft industry, 
more work needs to be done to get 
authoritative information on _ proper- 
ties which are not evaluated in some of 
the more common static tests. (In this 
connection, members are referred to a 
paper in the May BULLETIN covering 
Fatigue Characteristics of Aircraft Ma- 
terials and Fastenings, by Messrs. Piper, 
Finlay, and Binsacca of Northrop Air- 
craft, Inc. 


Those present gained an excellent 
concept of the great amount of work 
under way in the materials fields dis- 
cussed at the meeting. — 

The District officers, C. E. Emmons, 
The Texas Co., Chairman; F. J. Con- 
verse, California Institute of Technology 
Vice-Chairman;. and H. W. Jewell, 
Pacific Clay Products, Secretary, han- 
dled the details of the meeting and din- 
ner. Claude Emmons presided in his 
usual interesting fashion. 


Notes by the Assistant Secretary 


It is obviously difficult to write in a few 
words one’s reaction to an extensive trip, 
after meeting dozens of our members for 
the first time, and making contacts with 
many organizations and individuals inter- 
ested in A.S.T.M. But some thoughts 
might be noted. 

It is a continuing inspiration to realize 
what a genuine interest in the Society is 
taken by so many of our busy members. 
It seems that no group could have a more 
helpful, cooperative membership. Most of 
our men have their professional groups, 
and a large number take an active part in 
civic affairs and related work, yet they have 


a keen appreciation of the significance o} 
A.S.T.M., and practice what is ofter 
preached, that an organization like ow 
Society is but a reflection of the member: 
own work init. All of us on the Staff hay 
found our members, whether in the West 
South, North, or East, the kind we woulc 
expect...and with whom we are anxiou; 
to cooperate. 

Interest in our publications was every- 
where evident. How many times I was 
asked, ‘‘How are the Books of Standard; 
coming along?” 

Closer participation in our technica 
activities on the part of our members ir 
the Southwest, West Coast, and North. 
west is desirable—attendance at meeting: 
obviously cannot be the regular practice 
it is for those East of the Mississippi—bu' 
the viewpoint of our people in the West i: 
essential. 

For one who is concerned with member. 
ship promotion and developmental activi 
ties, there were suggestions and opportuni- 
ties at every turn. So that maximum 
benefits shall come from our extensive re. 
search and standards work, more com 
panies and government workers mus‘ 
know about A.S.T.M. and use its standard: 
when feasible. There is much plowing tc 
be done and a whole lot of territory we 
haven’t dug into yet. R. Js Fa 


TECHNICAL COMMITTEE NOTES 


Committee on Wax Polishes 
and Related Materials 
Organizes 


A NEw field of ultimate 
consumer goods had been entered by the 
Society through the organization of a 
technical committee on wax polishes 
and related materials. The last issue 
of the BULLETIN gave some of the back- 
ground leading up to the organization 
of this committee and referred to some 
of the important standardization prob- 
lems which it will propose to solve. 


The organization meeting of Com-. 


mittee D-21 on Wax Polishes and Re- 
lated Materials was held at A.S.T.M. 
Headquarters on April 14, 1950. All 
those present had the opportunity to 
offer comments and suggestions on their 
particular interests and on what they 
considered to be the needs in standard- 
ization of materials in the floor wax 
industry. It was evident that although 
specifications are desired the initial 
efforts of the committee should be 
directed toward standardizing test meth- 
ods and nomenclature. In developing 
test methods, performance tests were 
stressed as well as the determination of 
physical properties. In so far as the 
particular types of products are con- 
cerned, water-emulsion type waxes will 
probably receive first consideration in 
the development of test methods. 
Automobile, furniture, and other type 
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waxes will be included later in the work 
of the committee. 

A proposed scope for the committee 
was accepted by the newly appointed 
Executive Subcommittee to read as 
follows: 


The stimulation of research, and the 
formulation of test methods, definitions 
of terms, and specifications, of wax 
polishes-and related materials, including 
the materials entering into their manu- 
facture. 


In addition to the Executive Sub- 
committee, five other subcommittees 
were designated with chairmen selected 
as noted. 


Subcommittee I on Nomenclature (D. 
B. Hanley) 

Subcommittee II on Raw Materials 
(M. Fuld) 

Subcommittee III on Chemical and 
Physical Test Methods (D. M. King) 

Subcommittee IV on Performance Tests 
(M. Sveda) 

Subcommittee V on Specifications (W. 
H. Joy) 


The next meeting of the committee is 
planned for September 14 and 15 to be 
held at the National Bureau of Stand- 
ards, Washington, D. C. The present 
personnel of the committee are as fol- 
lows: 

Temporary Chairman: J. I. Horrman, 
National Bureau of Standards, Washing- 
ton 25, D. C. 

Temporary Vice-Chairman: J. V. 
Srernue, S. C. Johnson Co., Racine, Wis. 
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Temporary Secretary: B. 8. JoHNson 
Franklin Research Co., Philadelphia, Pa 


Consumers 


Asphalt Tile Institute, C. B. Whittlesey 
Jr. 

Bell Telephone Co., W. H. Joy 

Educational & Institutional Coop. Service 
Inc., L. F. Robbins 

Hood Rubber Co., R. E. McCurdy 

Johns-Manville Inc., E. H. Berger 

Montgomery Ward Co., L. M. Schilb 

National Inst. Governmental Purchasing 
Albert Hall 

Public Housing Adm., R. Skagerberg 

Rubber Mfrs. Assn., C. P. McFadden 

Specifications Branch Standards Divisio: 
Federal Supply Service GSA, D. B 
Hanley 


Producers 


Armstrong Cork Co., A. Lefevre 

A. Bowers, Hunt Mfg. Co. 
Boyle-Midway, Inc., J. T. Hohnstine 
Congoleum-Nairn, Inc., D. H. Spitzli 
Fuld Bros., Melvin Fuld 

C. B. Dolge Co., Clarence L. Weirich 
Franklin Research Co., B. S. Johnson 
R. M. Hollingshead Co., Victor M. Mant 
8. C. Johnson Co., J. Vernon Steinle 
Masury-Young Co., D. M. King 

Simoniz Co., P. E. Wenaas 

A. T. Sodergreen, West Disinfecting Co. 
R. B. Trusler, Davies-Young Soap Co. 
Vestal, Inc., M. Martin Maglio 


General Interest 


American Wax Importers and Refine! 
Assn., Andrew Bohart 
Cornelius Products Co., Fred W. Rau 
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: 
Durez Plastics & Chem. Inc., Herbert J. 
Mellan 

a. I. du Pont Co., Grasselli Chemicals 
Dept., M. Sveda 

enry A. Gardner Laboratory, R. S. 
Hunter 

iberty Mutual Life Ins. Co., Stuart W. 

Gurney 

etropolitan Insurance Co., L. S. Reid 

Nat. Bureau Standards, W. W. Walton, 
P. Sigler 

etrolite Corp. Ltd., A. W. Marshall 

oster D. Snell, Inc., C. S. Kimball 

avelers Insurance Co., Reuel C. Stratton 

nderwriters’ Laboratories Inc., Sydney 
V. James 

. 8. Testing Co., T. Smith Taylor 


bsorption Spectroscopy 
ommittee Holds Organ- 
zation Meeting 


In view oF the expanding 
interest and activity in absorption 
spectroscopy, a new A.S.T.M. Com- 

ittee—E-13 on Absorption Spectros- 

opy—has been organized, the organi- 
ftion meeting being held February 15, 
in Pittsburgh, in connection with the 
Pittsburgh Conference on Applied Spec- 
troscopy. Until recently absorption 
spectroscopy has been included within 
the scope of A.S.T.M. Committee E-2 
on Spectrographic Analysis. However, 
that committee has devoted its atten- 
tions almost entirely to the field of emis- 
sion spectroscopy, and the importance 
that absorption spectroscopy is now as- 
suming in industry would indicate that 
greater attention should be paid to this 
field in A.S.T.M. Research and analyt- 
ical methods are being employed in the 
infrared and ultraviolet ranges, as well 
as in the visual range. There has also 
been considerable activity in assembling 
reference curves for various compounds, 
particularly hydrocarbons, in the infra- 
red and ultraviolet ranges. Committee 
H-2, after giving considerable study to 
the subject, accordingly recommended 
that a separate committee on absorption 
spectroscopy be set up, leaving to Com- 
mittee E-2 the field of emission spectros- 
copy. 

In line with this recommendation the 
Board of Directors authorized the or- 
ganization of the new Technical Com- 
mittee on Absorption Spectroscopy, re- 
sulting in the organization meeting re- 
ferred to above. The proposed scope for 
the operation of the committee is as 
follows: 


“The coordination and formulation of 

methods of spectroscopic analysis 

by absorption, fluorescence, and 
scattering techniques.” 


It is expected that the work of the 
committee will consist largely in coordi- 


May 1950 


nating the work of other A.S.T.M. tech- 
nical committees on methods involving 
any of the above techniques. The com- 
mittee will also be responsible for the in- 
itiation of work of general interest in its 
field, as for example, on instrumenta- 
tion, definitions, reference curves, etc. 

At the organization meeting, the Tem- 
porary Chairman, Dr. Wallace R. 
Brode, Associate Director of the Na- 
tional Bureau of Standards, was elected 
the Permanent Chairman, E. J. Rosen- 
baum, Sun Oil Co., Vice-Chairman. A 
steering committee was appointed to 
complete the organization of the com- 
mittee. 


Committee D-13 on Textile 
Materials 


THE Spring Meeting of 
Committee D-13 on Textile Materials 
held in New York, N. Y., on March 15 
to 17, was featured by the first award of 
the Harold DeWitt Smith Memorial 
Medal, a testimonial luncheon to retir- 
ing Chairman Ball, and a symposium on 
shrink proofing of textiles. The medal 
award to Dr. H. F. Schiefer was an- 
nounced in the April ASTM Butieri. 
The tribute to Professor Ball is de- 
scribed below. 


H. J. Ball Honored: 
As a testimonial of the esteem of his 


associates and many friends in Com- 
mittee D-13, Professor Ball was pre- 
sented with an appropriate scroll (see 
photograph) and a sum of money to pur- 
chase a combination radio and phono- 
graph. The presentation was made by 
Dr. Frederic Bonnet, American Viscose 
Corp. The scroll, in recognition of 20 
years service reads in part as follows: 


“His valued contribution to the devel- 
opment of standards and test methods 
in the textile industry; 

“His vision and courage in guiding 
that committee in the progressive 
growth to its present high standing and 
position of prestige in the industry; 
“His integrity and sincerity, which 
has inspired all who have worked with 
WED oon” 


Preceding the presentation of the 
scroll, Giles E. Hopkins, Technical Di- 
rector of the Wool Bureau, addressed 
the luncheon gathering recalling some of 
the outstanding services rendered by 
Prof. Ball to Committee D-13 and to the 
Society. 

Prof. Ball’s services during these years 
were not confined to Committee D-13 
as he held many offices in the Society, 
including the following: 


American representative to the Inter- 
national Standards Association—1938 
to its reorganization as International 
Standards Organization. 

Representative on the American Stand- 
ards Association Advisory Committee 


Textile World 


Professor Ball (center, right) retiring Chairman of Committee D-13, receiving a scroil 


in recognition of his tw 


enty years of service as Chairman, from Frederic Bonnet (center, 


¢ce-Chairman, while W. H. Whitcomb (left) Toastmaster and Chairman of the 
Fa a ga and Giles E. Hopkins (right), Technical Director, the Wool Bureau, 
look on. 
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on Ultimate Consumer Goods—1940 
and 1943, 

Chairman, A.S.T.M. Administrative 
Committee on Ultimate Consumer 
Goods—1945 to present. 

Member, A.S.T.M., New England Dis- 
trict Council—1946 to present. 

Member of the A.S.T.M. Board of 
Directors—1934 to 1936, 1939-1940. 

Vice-President, A.S.T.M.—1940 _ to 
1942. 

President, A.S.T.M.—1942 to 1943. 

Delegate to International Standards 
Organization meeting at Buxton, 
England—1948, 


Following the policy of Committee 
D-13 to have prominent technologists 
discuss timely subjects at each of its 
meetings, a Symposium on the Dimen- 
sional Stability and Shrink Proofing of 
Textiles was held on Thursday, March 
16, at 2 p.m., at which the following 
three papers were presented: 


“The Dimensional Stability and 
Shrink Proofing of Cottons,” by 
E. C. Pfeffer, Cluett Peabody, 
rove Neay, 

“The Dimensional Stability and 
Shrink Proofing of Woolens,” by 
W. von Bergen and Claude Clutz, 
Forstmann Woolen Co., Passaic, 
Nad: 

“The Dimensional Stability and 
Shrink Proofing of Rayons,” by 
J. A. Woodruff, American Viscose 
Corp., Marcus Hook, Pa. 


It is expected that these three papers 
will appear in the July issue of the 
ASTM Buttetin. 

At this meeting there were sessions 
of 20 subcommittees and _ sections. 
The projects assigned to a number 
of recently organized task groups 
were advanced by sessions held during 
the meeting. The committee decided 
to organize a new Subcommittee A-7 on 
Ultimate Consumer Textile Products 
which will take over the work of the 
present Subcommittees A-6 on House- 
hold and Garment Fabrics and A-12 on 
Hosiery. The present members of these 
two latter subcommittees will constitute 
for the present the members of the new 
subcommittee. The immediate atten- 
tion of this committee will be devoted to 
a consideration of test methods for con- 
sumer products where there is an in- 
dicated need for them. 

Complete test procedures for rayon 
yarns and threads are in preparation. 
These will constitute a consolidation of 
the present tests in Methods D 258 and 
D 507 but will also include information 
on significance of the tests covered and 
the establishment of conformance with 
specifications. It is expected that the 
methods will be completed by the Octo- 
ber, 1950, meeting. The tolerances for 
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rayon yarns and threads now appearing 
in Methods D 258 and D 507 will later 
be combined and issued as a separate 
standard. 

The method for determination of 
vegetable matter in scoured wool now 
published as information was revised 
and will be issued as tentative. Plans 
were completed for a study of a new 
method for tensile strength of wool by 
about 10 cooperating laboratories. 
Samples of wool will be supplied by the 
Textile Research Institute wool project. 
A study of moisture in wool by inter- 
laboratory cooperative tests using the 
distillation technique may be under- 
taken in the near future. The results of 
the latest inter-laboratory studies of 
tests for fineness of wool were reviewed, 
based on methods D 417 and D 472. 
The data showed little difference be- 
tween the short fiber and long fiber 
methods. The study included a review 
of the variables of past laboratory tests 
versus those of recent tests. The latest 
tests showed better control from labo- 
ratory to laboratory. The greatest 
source of variable was between opera- 
tors. This study will be continued. 
Terms and definitions relating to wool 
were also considered. 

The Subcommittee on Asbestos Prod- 
ucts completed revisions in the Speci- 
fications for Asbestos Yarns (D 299 —- 
49 T) and for Asbestos Roving (D 375 - 
49). It recommended adoption as 
standard of the Tentative Specifications 
for Woven Asbestos Cloth (D 677- 
46 T). Revisions in the Specifications 
for Asbestos Lap (D 1061-49 T) are 
under consideration. 

The Subcommittee on Bast and Leaf 
Fibers reviewed further results from 
the round-robin on twine testing being 
made in some nine cooperating labora- 
tories. A ‘Monograph on Uniformity 
in Jute Fiber” was presented by O. P. 
Beckwith at the subcommittee meeting. 

The Subcommittee on Glass Fiber and 
Its Products discussed at its meeting 
test for spread and build-up of glass 
yarns, diameter measurements of glass 
cords, color fastness of dyed glass fab- 
ries, and abrasion of glass fabrics. 

A combined set of testing procedures 
for cotton and rayon tire cords repre- 
senting a consolidation of Methods D 


_179 and D 885 was reviewed by the Sub- 


committee on Tire Cord and Fabrics. 
While agreement has been reached on a 
large number of the individual test pro- 
cedures, further consideration is to be 
given to certain features of the methods. 
It is hoped to complete the new draft by 
the October meeting. 


While the Felt Subcommittee did not 
meet, it was reported that specifications 
for mechanical sheet felt had been com- 
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pleted and would be issued as tentative 
this year. Task Groups to study stiff- 
ness tests and the thickness measure- 
ments of cut parts have been appointed, 

The Subcommittee on Carpets pre- 
sented new tentative methods for resist- 
ance of pile floor covering to insect pests. 
This subcommittee is studying flame re- 
sistance tests, wear testing, ravel resist- 
ance, evaluation of hand of carpets, 
and light fastness test. 

The first set of testing procedures for 
bonded fabrics were completed and will 
be issued as tentative this year. These 
tests are applicable to fabrics which are 
built up by the interlocking of fibers re- 
sulting from one or a combination of the 
following: a chemical bonding ma- 
terial, mechanical action, chemical ac- 
tion, and moisture and heat. The 
methods include test procedures for 
bursting strength, breaking strength by 
the grab and cut strip methods, and 
weight. Other methods for bonded fab- 
rics under study include review of exist- 
ing instruments for air permeability. wa- 
ter absorbency, tear resistance, launder- 
ing, dry cleaning, fire retardancy, abra- 
sion resistance, and flexural rigidity. 

A session held on Thursday, Mareh 
16, was devoted to the work of the Sub- 
committee on Methods of Testing at 
which reports were received from some 
twelve active task groups and was con- 
cluded by a papers session. A further 
session of the Task Group on Abrasion 
Testing was held on Friday, March 17. 
A new set of methods for resistance of 
textile fabrics to water were accepted as 
tentative to replace the present Meth- 
ods D 583. The revised methods in- 
clude procedures for determining resist- 
ance of textile fabrics to: (1) externa 
(surface) wetting, (2) internal wetting 
(absorption), and (8) penetration by 
water. They are applicable to all fab- 
rics, both treated and untreated, regard- 
less of fiber compositions. The three 
procedures are known as the spray test: 
dynamic test, and the AATCC rain test: 

Revisions were submitted in the 
Tentative Method of Test for Fastnes: 
of Colored Textiles to Light (D 506- 
45 T) and also in the procedures fo. 
determining copper, manganese, anc 
nickel in textiles (Methods D 377-4 
T). Following study by a task grouy 
of four methods for the quantitative 
analysis of mixtures containing nylon 
it was decided to revise Methods D 62! 
by inclusion of the hydrochloric aci¢ 
method which was found to be the mos 
satisfactory. 

The Task Group on Antiseptic Fin 
ishes presented proposed specification 
for shower curtains and also revise 
methods of test for resistance of textil 
materials to microorganisms. Thes 
methods represent a revision of Method 
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684 and cover the accelerated mildew 
fection method which is applicable to 
xtile materials (including textile 
vered objects such as instrument 
uses and electrical wires) that are ex- 
2cted to be used or stored in a damp, 
arm atmosphere, but out of contact 
ith damp soil; and the soil burial 
ethod which is applicable to textile 
aterials that are expected to be in con- 
vet with damp soil for long periods of 
me, such as sandbag fabrics stored on 
amp ground. 


Interesting progress reports were pre- 
mted from the other task groups on 
nitted fabrics, field test for perform- 
ace in use, evenness in yarns, elastic 
brics, stress-strain curves, identifica- 
on of finishes of textiles, quantitative 
ethod of separating cotton from vis- 
ose rayon, fluidity test, and fire-resist- 
ace methods. 
The Papers Session held at the conclu- 
m of the subcommittee meeting was 
voted to the following three papers 
scussing methods of evaluation of hand 
f fabrics: 


“A Fabric Internal Friction Test for 
_ Evaluation of Textile Softening 
_ and Stiffening Agents,” by D. D. 
_ Gagliardi, Rohm & Haas Co., 
_ Philadelphia, Pa. 

“New Methods for Drape Character- 
istics,” by Walter Hamburger, 
_ Fabric Research Laboratories, Bos- 
ton, Mass. 

“FP. T. Peirce’s Methods,” by Lyman 
__E. Fourt, Harris Research Labs., 

Washington, D. C. 


“ommittee D-9 on Electrical 
nsulating Materials 


A NUMBER of new and re- 
ised standards were completed by 
‘ommittee D-9 on Electrical Insulating 
[aterials at its three-day spring meet- 
ig held at the Chamberlin Hotel, Old 
oint Comfort, Va., on March 20 to 22. 
receding the meeting of the main com- 
ittee, there were meetings of 25 work- 
ig subcommittees and sections with an 
ttendance of over 125 members and 
nests. All of the actions taken at this 
eeting are subject to approval by com- 
ittee letter ballot before presentation 
) the Society in June at the Annual 
feeting. 

Revisions were completed in the 
entative Specifications for Orange 
hellac and Other Indian Lacs for Elec- 
ical Insulation (D 784-44 T) and in 
1e Methods for Testing Shellac (D 411 
44), Work is under way on develop- 
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ment of methods for silicone insulating 
varnishes, and studies are being made of 
tests for set time of laminating varnishes 
and for oil resistance. 


New specifications for cellulose ace- 
tate sheet and film were presented for 
publication as tentative. In prepara- 
tion are specifications for electrical 
grades of polyethylene and polystyrene 
in the form of sheets, tapes, and films. 
A stress relief test was accepted for in- 
clusion in the Methods of Testing Non- 
rigid Polyvinyl Tubing (D 876 - 46 T). 
A bursting strength test for laminated 
tubes is under development and revi- 
sions in the specifications for laminated 
thermosetting materials to cover nine 
grades of laminates are in preparation so 
that the A.S.T.M. Specifications D 709 
will be in substantial agreement with the 
JAN and NEMA specifications. 


The Tentative Methods of Testing 
Electrical Insulating Oils (D 117 - 49 T) 
were further revised and rearranged to 
include approved definitions and signifi- 
cant statements for the various tests. 
Principal additions cover the power fac- 
tor and interfacial tension tests. These 
methods apply to mineral oil of petro- 
leum origin for use in cables, transform- 
ers, oil circuit breakers, and other elec- 
trical apparatus as an insulating or cool- 
ing medium, or both. The following 
four test procedures for inhibited trans- 
former oils are under study: (1) modi- 
fied sludge accumulation test (2) modi- 
fied turbine oil stability test (3) modified 
(bomb) pressure test (4) oxygen absorp- 
tion test. 


Consideration is being given to a new 
design of a power factor and resistivity 
cell used for routine testing of cable oils. 
Revisions were accepted in the Methods 
of Testing Askarels (D 901 — 49 T). 

Excellent progress was reported in the 
studies of test methods for microcrystal- 
line waxes. Based on cooperative test 
data, methods are now being prepared 
for volume contraction and expansion 
characteristics, and cold flow point. 
Studies are being made of a brittleness 
test and a falling-ball test. 

Revisions in the Tentative Specifica- 
tions for Varnished Cloth Tapes (D 733) 
have been approved and also in the 
Methods of Testing Varnished Cloths 
and Varnished Cloth Tapes Used in 
Electrical Insulation (D 295-49T). A 
new method for insulation resistance of 
varnished cloth is under study as is also 
a new procedure for determining resist- 
ance to heat aging of treated glass 
fabrics. 

Revisions in the Methods of Sampling 
and Testing Untreated Paper Used in 
Electrical Insulation (D 202-49 T) 
have been approved by letter ballot of 
Committee D-9. The revisions will 
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add new test procedures for determining 
water-soluble matter, alcohol-soluble 
matter, and water-soluble sulfates; 
also definitions and significance state- 
ments on tests for thickness, bursting 
strength, folding endurance, air resist- 
ance, and impregnation time. Other 
changes recommended in D 202 include 
revision of the heat stability test and ap- 
proval of the method of test for fiber 
analysis of paper and paperboard (D 
1030-49 T) for application to con- 
denser paper. Work is under way on a 
method for total chlorides in paper. 

Work is continuing on extensive re- 
vision in the electrical test methods par- 
ticularly those for dielectric strength 
(D 149 — 44) and for power factor and di- 
electric constant (D 150-47 T). Fur- 
ther studies of the recently revised arc- 
resistance test (D 495-48 T) include 
use of higher current arcs (above 40 
ma.), development of a method for pro- 
viding continuous rate of increase in are 
severity, and other forms of arc-resist- 
ance test. The test for electrical resist- 
ance of insulation (D 257 — 49 T) which 
was extensively revised last year is 
being given further study. 

The Jomt D-9D-20 Subcommittee 
on Conditioning reported on further re- 
visions under consideration in the Ten- 
tative Methods of Conditioning Plastics 
and Electrical Insulating Materials for 
Testing (D 618-49 T). A new section 
has been formed to revise the present 
standards for enclosures and condition- 
ing equipment for tests at other than 
normal temperatures now published 
under the designations D 760 and D 761. 


Annual Meeting of Soap 
Committee—D-12 


CommitTrEE D-12 on Soaps 
and Other Detergents met on March 21 
and 22 at the Hotel Park-Sheraton in 
New York City. 

Several recommendations on stand- 
ards will be submitted to the Society in 
the annual report of the committee. 
Particularly important are the recom- 
mendations for proposed tentative speci- 
fications for low- and medium-titer solid 
and chip soap for low-temperature wash- 
ing. These specifications represent sev- 
eral years of intensive work by the com- 
mittee. 

Recommended for publication as in- 
formation only are a test for pH of 
soaps and detergents and the ‘‘Ross- 
Miles” test for foaming of surface-active 
agents. Although the foaming test, as 
written, is recognized as applying only 
under controlled conditions, it is felt 
that the method represents real prog- 
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ress in view of difficulty that has been 
encountered in developing generally ac- 
ceptable methods for evaluating signifi- 
cant physical properties of soaps and 
other detergents. 


Committee D-20 on Plastics 


ComMITTEE D-20 on Plas- 
tics held its spring meeting at the Hotel 
Chamberlin, Old Point Comfort, Va., 
on March 21 and 22. In addition to the 
meeting of the main committee there 
were also meetings of all eleven D-20 
working subcommittees. The attend- 
ance was over 100 members and guests. 

Under the auspices of the Subcom- 
mittee on Research, a very interesting 
papers session was held on Tuesday 
evening, March 21, at which the follow- 
ing three papers were presented: 

“Some Rapid Approximate Statistical 
Procedures,” by Frank Wilcoxon, 
American Cyanamid Co., Stam- 
ford, Conn. 

“Characteristics of Carbon Are Light 
Sources for Accelerated Exposure 
Testing,” by W. W. Lozier, Na- 
tional Carbon Div. of Union Carbide 
and Carbon Corp., Fostoria, Ohio. 

“The Mechanism of the Degradation 
of Polyamides,” by Frank W. 
Reinhart, National Bureau of 
Standards, Washington, D. C. 

The Subcommittee on Strength rec- 
ommended the adoption as standard of 
the Method of Test for Stiffness in 
Flexure of Plastics (D 747-48 T). 
This section is studying by round-robin 
in a number of co-operating laboratories 
anew falling-ballimpact test. A double 
shear test is also under development as 
well as a new method for bursting 
strength. Studies of a new method of 
tear resistance including the Elmendorf 
tear tester and the Thwing-Albert tear 
apparatus are to be made. A new 
Section on Dynamic Stresses is being 
organized. 

The Subcommittee on Hardness Prop- 
erties recommended adoption as stand- 
ard of the Method of Test for Rockwell 
Hardness of Plastics and Electrical In- 
sulating Materials (D 785-48 T). A 
cooperative study is under way of the 
Method of Test for Resistance of Trans- 
parent Plastics to Surface Abrasion 
(D 1044 — 49 T) which covers use of the 
Taber abraser, involving tests in eight 
laboratories on five sheet materials 
(cellulose acetate, plasticized and non- 
plasticized acrylic, polystyrene, and 
allyl diglycol carbonate). A round- 
robin study using the Olsen Wearometer 
and rotating cylinder are also under way 
on abrasion resistance (mechanical 
effects). A study of scratch resistance 
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using the Paraffine Company’s scratch 
test is under way. 

The Subcommittee on Thermal Pro- 
perties recommended adoption as stand- 
ard of the Method of Test for Measur- 
ing the Molding Index of Thermosetting 
Molding Powders (D 731-48 T). A 
revision of the Test for Deformation of 
Plastics Under Load (D 621-48 T) is 
under way to provide a procedure for 
classification of polyethylene grades 
plastics. Further studies of methods for 
flow of plastics include consideration of 
the parallel plate plastometer, also capil- 
lary rheometry. 

An extensive revision of the Tentative 
Method of Test for Luminous Reflect- 
ance and Transmission Characteristics 
and Color of Plastic Materials (D 791 — 
44 T) has been approved by the com- 
mittee. This method is intended pri- 
marily for substantially nonfluorescent 
plastics but may also be applied to other 
materials. It is based upon the Hardy 
type spectrophotometer. The revised 
method supplements the present A.S.- 
T.M. Standard Method of Test for 
Spectral Characteristics and Color of 
Objects and Materials (D 307-44). 
Statements regarding significance of 
tests were approved for inclusion in the 
Methods of Test for Index of Refraction 
of Transparent Organic Plastics (D 
542 —- 42) and for Surface Irregularities 
of Flat Transparent Plastic Sheets 
(D 637 - 43). 

In the Subcommittee on Permanence 
Properties, work is in progress on de- 
velopment of a recommended practice 
for determining the deterioration of 
plastics under light exposure tests as 
well as outdoor exposure tests. A test 
for volatile loss of plastic materials on 
exposure to heat is being developed in 
cooperation with Committees D-9 and 
D-11. - Based on results of a question- 
naire on the effect of chemicals on per- 
manence properties, revisions are to be 
made in the Method of Test for Resist- 
ance of Plastics to Chemical Reagents 
(D 543 — 43). A new method for deter- 
mining warpage of plastics is being com- 
pleted, based on the modification of the 
procedure in Federal Specifications 
L-P-406a and on the equipment de- 
scribed in the Bureau of Standards 
plastic wall tile specification. A method 
for measurement of gas transmission of 
organic films is under study. 

New tentative specifications for cellu- 
lose acetate film for primary insulation 
have been completed. Revisions were 
accepted in the Specifications for Mela- 
mine-Formaldehyde Molding Com- 
pounds (D 704 - 44 T). 

A heat test method for plasticizers for 
determining both color stability and 
acidity increase on heating is under co- 
operative study. A test for nonvolatile 
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matter is being completed and new wor 
is to be undertaken on the analysis ¢ 
vinyl chloride polymers and copoly 
mers. 

A new recommended practice fe 
injection molding of test specimens wi 
be issued as tentative. Also new speci 
fications for a mold for a small wel 
specimen were submitted as tentative 
An alternate design of an injection mol 
for molding test specimens of therme 
plastic materials has been approved b: 
committee vote for inclusion in Speci 
fications D 647. Specifications for dec 
orative laminates are in preparation, 


Structural Sandwich 
Committee to Present 


Test Methods Soon 


A TWwo-DAY meeting o 
Committee C-19 on Structural Sand 
wich Constructions was held at AS. 
T.M. Headquarters, April 3 and 4 
Subcommittee I on Mechanical Proper 
ties of Basic Materials under the Chair 
manship of R. C. Platow reviewed ani 
discussed several proposed test meth 
ods. In considering test methods o1 
physical properties a decision wa 
reached to omit the determination o 
absolute specific gravity, confining : 
proposed method to that of apparen 
specific gravity only of core materials 
A proposed method on thermal expan 
sion was circulated for discussion 
Additional proposed test methods dis 
cussed covered bondability, dimen 
sional stability, and flammability. I 
was the consensus that all mechanics 
test methods which have been de 
veloped by the Forest Products Labe 
ratory on sandwich constructions can b 
applied to the testing of core material: 
All strength test methods under cor 
sideration will conform with the stanc 
ard laboratory atmosphere condition 
of A.S.T.M. Tentative E 41 - 48 7 
Subcommittee IT on Mechanical Pro 
erties of Basic Sandwich Constructio 
under the acting chairmanship 
A. G. H. Dietz, discussed comment 
received on proposed compression, benc 
ing, and shear test methods. These ix 
clude compression flatwise and edgs 
wise, bending flatwise, and shear bot 
flatwise and edgewise. These sever: 
methods will be resubmitted to th 
committee for letter ballot after rev 
sions agreed upon. A new propose 
method of testing for tension flatwi: 
was recommended for submission y 
ballot of the committee. 
Subcommittee III on Permanent! 
Durability, and Simulated Service und: 
the chairmanship of D. G. Reid, di 
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joted the majority of its time to dis- 
ussing the establishment of a program 
or the determination of atmospheric 
feterioration of sandwich materials as 
fell as core materials. A subgroup was 
jppointed which will make a survey of 


srials to obtain opinions on the value 
{ data from exposure of panels alone 
comparison with panels used as an 
ptegral part of a structure. Fatigue 
Psting was also discussed and a sub- 
foup was appointed which will per- 
rm a number of round-robin tests 
jing both the Krause and the Sonntag 
ptigue testing machines. It is planned 
» formulate a proposed tentative on 
hechanical tests at high- and low-tem- 
prature conditions. 


ppecifications Receive 
Attention at Adhesives 
ommittee Meeting 


THE SPRING meeting of 
ommittee D-14 on Adhesives was held 
A.S.T.M. Headquarters on March 
and 28. The first day included meet- 
gs of subcommittees with the advi- 
ory and main meetings being held on the 
ond day. 

The Subcommittee on Strength Prop- 
les reviewed and discussed several 
oposed new tentative methods in- 
ding a test for strength properties of 
lhesives in shear by flexural loading. 
ie two shear strength tentative 
ethods (now published) were recom- 
ended for advancement to standard. 
ound-robin tests in progress on plastic- 
plastic adhesive strengths were dis- 
ussed. A clarification of the jig de- 
iption in the impact strength test 
tethod was approved and will be 
wibmitted to letter ballot. 

The Subcommittee on Working Prop- 
ties presented two additional methods 
ir consistency which were approved for 
ter ballot. A modification of the 
een tack meter was discussed and 
pund-robin tests were arranged in 
Ihich the instrument will be used for 
btaining additional data. A proposed 
hocking test method was recommended 
r letter ballot. 

)Important sessions were held by the 
\ibecommittees on Permanence and 
lecifications. A proposed tentative 
“lethod of Test for Resistance of Ad- 
»sives for Wood to Cyclic Accelerated 
prvice Conditions was discussed and 
commended for letter ballot along 
ith a proposed Tentative Method for 
jontinuous Exposure to Temperature 
iid Humidity. A third method under 
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the jurisdiction of the Subcommittee on 
Permanence was recommended for com- 
mittee letter ballot, this being a Tenta- 
tive Method of Test of the Permanence 
of Adhesives in Various Biological 
Environments. A proposed tentative 
specification for adhesives for acousti- 
cal materials was reviewed and recom- 
mended for adoption after revisions 
which would make this specification ap- 
plicable only to clean uncoated surfaces, 
An additional revision will include the 
alternative of using disks of materials 
other than as specified when agreed 
upon by the manufacturer and consumer. 

A section is collecting data for the 
purpose of writing a specification 
covering the use of adhesives in book- 
binding, the data to consist essentially 
of a list of properties involved in this 
particular use. A definite need was ex- 
pressed for a specification to cover the 
use of adhesives in packaging, especially 
for domestic shipments. 

An interesting session of the Sub- 
committee on Research included pres- 
entation by several members of new 
techniques in testing the adhesion of 
materials. Of considerable interest was 
an explanation of a new application 
in soldered scarf joints using antimony. 

The concluding item on the com- 
mittee program was a talk presented by 
N. V. Poletika, Timber Engineering Co., 
who discussed a course on glue testing 
which is being conducted by his or- 
ganization. 


Testing Exhibit (Continued from p. 12) 


Tagliabue Instruments Division 
Weston Electrical Instrument Corp. 
Booth 31 


Some of the latest developments in the 
TAG line of industrial and laboratory test- 
ing instruments will be displayed in this 
booth. In addition, TAG A.S.T.M. ther- 
mometers and A.P.I. hydrometers will be 
shown. The presentation will include an 
interesting panel on which are mounted a 
general assortment of laboratory ther- 
mometers and hydrometers. Additional 
items of interest will be found in the TAG 
instruments for testing petroleum prod- 
ucts. Among these will be shown the new 
TAG. Colorimeter Stand with the TAG- 
Saybolt Chromometer and a TAG-Say- 
bolt Thermostatic Viscosimeter. 


Thwing-Albert Instrument Co. 
Booth 21 


This company will demonstrate testers 
of interest to a great variety of manufac- 
turers and processors. _Instruments on 
display will measure tensile strength, tear- 
ing resistance, modulus of rupture of 
paraffin wax, pickling rate of canners steel, 
softness-stiffness of paper, textiles and 
plastic films, moisture vapor permeability, 
liquid penetration, temperature with bolom- 
eters, and resistance bulbs. Model L-50 
Sentronic Recorder will highlight the 
exhibit with a display of sensitivity, 
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speed, and versatility suggesting many 
applications. 


Arthur H. Thomas Co. 
Booth 12 


On display will be: Model B Beckman 
Glass Prism Spectrophotometer.-—An ef- 
fective band width of 5 millimicrons or less 
can be obtained over the spectral range of 
320 to 1000 millimicrons; Beckman Auto- 
matic Titrator—For pH or redox; Lind- 
berg High Frequency Combustion Unit— 
For determination of carbon and sulfur in 
iron, steel, and heat resistant alloys; 
Stormer Viscosimeter with Stroboscopic 
Timer which gives visual indication of ro- 
tational speed of 200 rpm. as required in 
determining the consistency of paints by 
the A.S8.T.M.; Electrographic Kit—For 
rapid identification of metallic elements in 
metals, alloys, or surface platings, by 
means of anodic solution and deposition on 
a suitable carrier such as paper. 


Will Corporation 
Booth 50 


In this booth the first of a new, stream- 
lined design series of Analytical Balances, 
the new Becker Model AB-2 will be shown. 
The latest Beckman offering to the testing 
laboratory—the Automatic Titrator—will 
be demonstrated as will be the new Lind- 
berg Model HF Induction Furnace. A 
Metallographic Microscope with Camera 
Attachment, a Refractometer, and Vis- 
cometer will be among the apparatus 
demonstrated. 


Wilson Mechanical Instrument Co. 
Booth 17 


This display will include the Rockwell 
Hardness Tester, which is used for testing 
the hardness of all metals, such as tools, 
dies, heat-treated steel parts, brass, 
bronze, etc.; the Rockwell Superficial 
Hardness Tester for testing thin ma- 
terials, superficially hardened surfaces, 
such as nitrided steels, thin carburized 
parts, etc.; and the new manually oper- 
ated Model MO Tukon Tester—this lat- 
ter piece of equipment to be exhibited for 
the first time. This machine applies 
loads of from 1 to 1000 g. and includes a 
number of features. 


The Young Testing Machine Co. 
Booth 16 


On display will be many items of the 
Company’s testing machine and _ strain 
gage equipment. Four complete lines of 
Universal Testing Machines are available, 
which allows a complete selection of testing 
machines from lap ram machines to large, 
heavy-duty machines, incorporating a 
separate hydraulic weighing capsule. A 
full line of testing machine accessories and 
a photoelastic machine which has great 
flexibility and versatility will be shown. 
Many new instruments will be on exhibi- 
tion, including scanning units for scanning 
up to 72 gages per second and dynamic 
recorders capable of recording strain gages 
directly on a strip chart up to 100 cycles 
per second, A Multiple Channel Recorder, 
capable of recording 12 independent curves 
from individual strain gages will also be on 
display. 
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Series of A.S.T.M. Steel Bar Specifications Cover Most Applications 


1949 Book of A.S.T.M. Standards Includes a Complete Group of General-Purpose Bar Specifications 


By E. V. Bennett, Chairman, Subcommittee XV on Bar Steels, Committee A-1 


Fo. many years con- 
sumers and producers of steel have 
recognized the A.S.T.M. as a leading 
specification-writing body. Its specifi- 
cations cover a broad list of engineering 
and constructional steel products in- 
cluding plates of all kinds, structural 
shapes, concrete reinforcing bars, tubu- 
lar products, castings, forgings, and 
countless other items. Where bar 
products are concerned, however, the 
Society until recently has had available 
only two bar specifications covering the 
chemical compositions of hot-rolled and 
cold-finished material. There have 
been persistent requests from materials 
engineers and buyers, and steel metal- 


lurgists as well, that A.S.T.M. develop 
adequate specifications for carbon-steel 
and alloy-steel bars. 

These products represent about 15 per 
cent of the total tonnage rolled by the 
steel industry. 

Throughout recent years, possibly 
75 per cent of carbon-steel and alloy- 
steel-bar tonnage has been ordered to 
standard chemical ranges with no other 
stated requirements. Other require- 
ments such as check analysis, dimen- 
sional tolerances, and general inspection 
are not specified, and in these cases 
A.L.S.I. steel product manuals usually 
have been referred to as a guide. 


The new group of A.S.T.M. bar 


specifications now provide all requir 
ments in compact, convenient forr 
In addition to these essential purcha; 
requirements, most steel producers r 
quire specific end use details on eac 
order to aid them in proper processing 


Scoprr or A.S.T.M. Work 


Committee A-1 on Steel, through i 
Subcommittee XV on Bar Steels, he 
been working for several years to pr 
vide more adequate specification cove 
age. Several new specifications hay 
been written, others revised, and a 
are now available in the 1949 Book « 
A.S.T.M. Standards, Part 1, coverir 


TABLE I.—SUMMARY OF A.S.T.M. CARBON-STEEL BAR SPECIFICATIONS. 


Mechanical Properties 
Specification Giemical A . c Elongation, min. 3 
Title and A.S.T.M. emical Requirements Size Limitations Tensile Yield Reductaiae 
Designation : and_ Diameters Strength, Point, per cent | per cent Area, min., 
Regular Free-Cutting psi. min., psi. in 8in. in 2 in. per cent 
Hot-Rolled Carbon-Steel Open Hearth Open Hearth 
Bars (A 107 - 49 T) 1008 1040 1115 
1010 1045 LG 
1015 1050 1118 
1016 1055 1120 
1020 1060 1137 
1022 1070 1141 All sizes None specified 
108 eee 1151 
10 1095 
1035 Bessemer 
Blill 
Bessemer B1l112 
B1010 B1113 
Medium-Carbon-Steel All grades 
Bars Subject to Me- | C, Unspecified 
chanical Property Re- | Mn, 0.90 max. 
quirements (A 306-49 T) | P, 0.040 max. 
S, 0.050 max. None All sizes 
Si, 0.10 min. 
Grad6.70 ome =e ier ae 70 000 to 36 000 14 18 
85 000 
Graders Once acter. Tee 38 000 12 16 None specif 
Grade-S80 in. .ictesrcteee 80 000 min. 40 000 10 14 
(Added bend test required for each grade) 
Heat-Treated Carbon- C, 0.50 max. 4 in. and under.......... 90 000 min. 55 000 Si 2 
Steel Bars (A 321-49 T) | Mn, 0.60 to 0.90 Over 4 to 7 in., inel..... 85 000 Ane 50 000 ne 30 40 
P, 0.04 max. None 
S, 0.05 max. 
Si, 0.15 to 0.30 
Gclciuished corer: Open Hearth Open Hearth 
teel Bars and Shafting 1008 1025 1115 
(CAPMTOS—49): Deen ee hae 1010 1030 1117 
1015 1035 1118 
see 10) sae 
101 1045 144 i - 
1020 1050 1151 pues Nopermmecser 
1022 1095 Bessemer 
Bessemer Bllll 
B1010 B1112 
B1113 
Stress-Relief-Annealed {6 in. and under........ 100 000 min. | 80 000 
Cold-Drawn Carbon- LS Aer 1 Over %6@ to 14 in., incl...| 95 000 fin, 75 000 as ib ri 
Steel Bars (A 311-49 T) Over 144 to 244 in., inel...} 90000 min. | 70 000 ae 14 ~ 40 
6 in. and under........| 105000 min. | 85000 Be 12 40 
1141....+/Over %.» to 1% in., incl.,.} 100 000 min. | 80000 a 12 40 
None Over 114 to 234 in., incl.. .} »,95 000 min. | 75 000 i 12 40 — 
{6 in. and under..,..... 105 000 min. | 85 000 sft 12 35 | 
1144.... 4 /Over %65 to 14 in., incl...) 100 000 min. | 80 000 a 12 35 
Over 134 to 239 in., incl...] 95000 min. | 75 000 = 12 35 
%6 in. and under........ 105 000 min. | 85 000 “a 10 35 
1151.... 4 |Over 96 to 144 in., incl 100 000 min. | 80000 ae 10 35 
Over 1% to 244 in., inel 95 000 min. | 75 000 ts 10 35 
| 
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‘rous metals. These eight standards 


2 also printed in separate pamphlet 
bm. 

fbuld have adequate representation of 
ajor interests concerned, it was greatly 
anded a few years ago and now in- 
fides 26 consumers and general-inter- 
» members, and 19 representatives of 


The consuming group includes 
stallurgists or materials engineers 
pm the following: six manufacturers 
felectrical equipment; five cold finish- 
3; five miscellaneous manufacturers of 
arings, chain, bolts, saws and busi- 
‘ss machines; three railroads; three 
ricultural implement makers; and 
Ir general-interest members. 

iThe diversity of membership insures 
(mplete discussion of all phases of a 
specification before approval. The 
odus operandi of the Society gives 
user of A.S.T.M. standards two 


D 


advantages: first, the representation 
from producing and using interests 
assures a complete examination of 
both sides of the specification-writing 
picture; and _ secondly, Society pro- 
cedure is such that specifications must 
“season” for a sufficient period before 
being advanced to standard status. 


STANDARD Practice 1s BAsIs oF 
A.S.T.M. Steet Requirements 


There is also a further angle which, 
while not of primary importance to the 
engineer, certainly is of major interest 
to the buyer and the cost estimator. 
As far as practicable for general-pur- 
pose applications, A.S.T.M. specifica- 
tions are usually recognized by the 
trade as incorporating standard prac- 
tices. Special-purpose specificatious in- 
volving unnecessarily restrictive re- 
quirements are, in general, avoided. 
However, where unusually stringent 
requirements are necessary for some 


specific end use, A.S.T.M. standards 
serve a widespread need in providing a 
base on which supplementary testing 
or more restricted requirements can be 
imposed, 


Wuo Nesgps A.S.T.M. Sprecrricatrons? 


A.S.T.M. specifications should be of 
particular interest to the following 
types of steel consumers: 


1. The large user of steel who usually 
employs a competent metallurgical 
staff. The metallurgist wisely reviews 
current A.S.T.M. standards and utilizes 
them in toto or uses those portions 
which fit his company’s particular 
needs and end products. Ultimately 
this information is usually incorporated 
into complete purchasing department 
specifications. 

2. The small purchaser who has no 
available trained metallurgical person- 
nel, A.S.T.M. standards provide a con- 


TABLE II._SUMMARY OF A.S.T.M. ALLOY-STEEL BAR SPECIFICATIONS. 


Mechanical Properties 
Tensile Yield Elongation Reduction 
Specification Strength, Point, in 2 in., of Area, , 

Je and A.S.T.M. Size Limitations min., min., min., min., Brinell 
Designation Chemical Requirements and Diameters psi. psi. per cent per cent Hardness 
Rolled Alloy- 1330, 13835, 1340 

2317, 2340 / 
2515 
3130, 3135, 3140, 3141, 3150 
E3310 
4017, 4023, 4024, 4027, 4028, 4032 
4037, 4042, 4047, 4063, 4068 
4130, 4140, 4142, 4145, 4147, 4150 ‘ 
4320, 4340 All sizes None specified 
4615, 4620, 4640 
4815, 4820 
5132, 5135, 5140, 5145, 5147, 5150, 5152 
6150, 6152 
8620, 8630, 8635, 8640, 8641, 8650, 8653, 8655 
8720, 8740, 8745, 8750 
9255, 9260, 9261, 9262 
E9310 
9440, 9445 
i When 

at-Treated (Carbon not specified) ( L 

Alloy-Steel Bars specified) 

mee46 T) 214 in. and under..| 105 000 80 000 20 50 

Over 234 to 4 in., 
S00 310024100!) SLOOsteieece-< «) asiatoh helenae ales INCI oot marcas 100 000 75 000 20 50 . .212 to 269 
7 ow k ; Over 4 to 7 in., 
APLCL gots ierts ate encase 95 000 75 000 20 50 
244 in. andunder..| 125 000 105 000 16 50 
Over 2% to 4 in., 
2300, 3100, 4100, 8700, 4300, 9800........ INClen ewes Boon 115 000 90 500 16 45 . 205 to 311 
oe ll “ Z ( : Over 4 to 7 in., 
hits WaNeob Adon te 110 000 85 000 16 45 
oy-Steel Rounds, | 1340H 


2340H 
3140H, 3150H 
4042H 
4140H, 4150H 
j Requirements 4340H 
1A 304-47 T) 4640H 

5140H, 5150H 


6150H 
8640H, 8650H 
8740H, 8750H 
9440H 
9840H, 9850H 


1 to 4-in. rounds 


3120, 3130, 3135, 3140, 3150 
0 


4130, 4140, 4142, 4145, 4150 
4320, 4340 

4615, 4620, 4640 

4815, 4820 

5120, 5140, 5150 

$12" 8630, 8640, 8653, 8655 
8740, 8742 


E331 
4023, 4024, 4037, 4042, 4063, 4068 


All sizes 


None required but hardenability specified for each analysis 


None specified 


ASTM BULLETIN 


39 


venient and probably the best available 
guide today in ordering steel. 

3. The steel warehouse is confronted 
with the problem of stocking steels for 
miscellaneous end usage. A.S.T.M. 
provides a useful standard, universally 
understood and accepted by industry in 
general. It is also frequently desirable 
to advertise that available warehouse 
stocks meet certain A.S.T.M. standards. 

4. Export business usually requires 
a ‘meeting of minds” on some com- 
monly accepted standard such as 
A.S.T.M. specifications. 

5. Company specifications generally 
can be translated to similar A.S.T.M. 
specifications. From this transfer there 
will develop greater ease of procurement 
and better possibilities of dealing with 
new supply sources not presently famil- 
iar with the particular requirements. 
Maintenance of quality can be im- 
proved. A thorough study of the 
material regularly offered under 
A.S.T.M. specifications can even pre- 
sent the possibilities of economies be- 
cause standard goods are generally 
cheaper than specials. 


Scope or Present A.S.T.M. Bar 
SPECIFICATIONS 


Gojng from the realm of generalities 


40 


Making a Hardenability Test to Determine Compliance with Specification A 304. 


into the specific field of currently 
available A.S.T.M. bar specifications, 
the 1949 Book of A.S.T.M. Standards 
contains the following carbon-steel bar 
specifications: 


Hot-Rolled Carbon-Steel Bars (A 107 — 49 
T) 

Heat-Treated Carbon-Steel Bars (A 321 - 
49 T) 

Medium Carbon-Steel Bars Subject to 
Mechanical Property Requirements (A 
306 — 47 T) 

Cold-Finished Carbon-Steel Bars and 
Shafting (A 108 — 49 T) 

Stress-Relief Annealed Cold-Drawn Car- 
bon-Steel Bars (A 311 - 49 T) 


The requirements of each of these 
specifications, together with the proper 
A.S.T.M. designation, are summarized 
in Table I. Each of these specifications 
shows a complete range of chemical or 
mechanical properties which should 
prove adequate for the great majority 
of steel applications. 

Alloy steels are equally well covered 
by four specifications as follows: 


Hot-Rolled Alloy Steel Bars (A 322 - 49 T) 

Heat-Treated Alloy Steel Bars (A 286 — 46 
T) 

Alloy-Steel Rounds Suitable for Oil 
Quenching to End-Quench Harden- 
ability Requirements (A 304 — 47 T) 


ASTM BULLETIN 


Cold-Finished Alloy-Steel Bars (in 4] 
course of preparation) 


In a like manner, the requirements. 
these alloy specifications are summarize 
in Table II. Alloy steels are normal 
not supplied to hot-rolled mechanic¢ 
properties, hence the omission of 
specification along these lines. 

In addition to the chemical and m 
chanical requirements summarized | 
two tables, the respective specificatior 
where appropriate, cover bending d 
tails, requirements on straightness, pe 
missible variations in dimensions, mar 
ing, and acceptable inspection pr 
cedure. A review of the specificatior 
should readily reveal to those who pr 
duce and use steel bars that the stan 
ards now available adequately cov 
most of the conventional applications 


A.S.T.M. Rubber Protective Equipme 
Standards Approved by A.S.A. 


Tue four Standard Spec 
fications for Rubber Insulating Blanke 
(D 1048 — 49 T), Insulator Hoods ( 
1049 — 49 T), Insulating Line Ho 
(D 1050 = 49 T), and Insulating Sleev 
(D 1051 — 49 T), have been approved | 
the American Standards Associatio 
Those concerned with the procureme 
and use of materials for the proteetic 
of electrical workers will find these spe 
fications convenient to use since thi 
have been printing in one documer 
They were prepared by the A.S.A. Se 
tional Committee J6, functioning unc 
the joint sponsorship of A.S.T.M. a: 
the Edison Electrical Institute. Befe 
their revision by Committee J6, t 
standards were issued as Americ 
War Standard Specifications for Lir 
men’s Rubber Protective Equipment. 


University of Utah Centennial 


ON rInviTaTION from 1 
University of Utah the Society was rep 
sented at the recent commemorating ex 
cises in connection with the Centenr 
Program. E. H. Beckstrand, a mem| 
of A.S.T.M. since 1907 and Professor 
Mechanical Engineering (Retired), U 
versity of Utah, represented the Soci¢ 
and with Mrs. Beckstrand attended | 
various exercises. Many societies ¢ 
associations for the advancement of lea 
ing were represented, and A.S.T.M. * 
pleased that it could take part. W) 
the University was chartered in 1850 | 
population of the whole state was ab) 
10,000, which is now the approxim 
registration of students at the Univers 


May 1% 
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ERSONALS 


| News items concerning the activities of our members 
{ will be welcomed for inclusion in this column. 


—_—_— 


§oTe—These “Personals” are arranged in order of alphabetical sequence of the names. 


quently two or more members may be refe 


: named is used as a key letter. 
ence to the news about members. 
1 

] 

A 

Jt the annual meeting of the American 
Screte Institute in Chicago in Febru- 
» Frank H. Jackson, Principal Engineer 
sests, Bureau of Public Roads, Washing- 
1D. C., was elected President for the 
quing year, and A. T. Goldbeck, Engi- 
‘ing Director, National Crushed Stone 

1., Washington, D. C., was elected for a 
s-year term as Vice-President. The 
(wing were elected to three-year terms 
wlirectors: A. E. Cummings, Research 
Hineer, Raymond Concrete Pile Co., 
¥ York City; I. L. Tyler, Portland 
ment Assn., Chicago, Ill.; Charles S. 
Stney, Consulting Engineer, Milwaukee 
e.; and C. E. Wuerpel, Technical Direc- 

Marquette Cement Manufacturing 

i Chicago. 
famuel Albert Abrahams, 
Mager of Manufacture, Insulations 
., The Paraffine Cos., Inc., Emeryville, 
f., is now Division Manufacturing 
maager, The Philip Carey Manufactur- 

Co., Plymouth Meeting, Pa. 
jryson B. Beckwith is now associated 
a1 Commonwealth Industries, Detroit, 
‘h., as Sales Engineer. He was for- 

ly Metallurgical Engineer, Vanadium 
ito. of America, in the same city. 

sichard A. Biggs, formerly Develop- 
4t Engineer of Pittsburgh Corning 
‘0., has been appointed Director of 
Hitectural Development, Stainless Sales 
t., Crucible Steel Company of America, 
i: headquarters in New York City. 

cible is intensifying and expanding its 

#ices, such as application engineering, 
darch and development in specialty 
ils, for architects, engineers, builders, 
8 manufacturers of building materials. 
| Biggs’ participation in A.S.T.M. 
avities includes technical committee 
iznments on insulation, methods of 
‘ing structures, structural sandwich 
struction, and the advisory committee 
»orrosion. 

Mharles W. Blacketer, formerly Man- 
>: of the Customer Service Department, 
been appointed Technical Director of 
# Stamford, Conn., branch of Atlas 
i7der Co.’s Industrial Finishes Depart- 
Hit. Mr. Blacketer became associated 
ja the Atlas Co. last year after extensive 
Werience with Berry Bros., Sherwin- 
/liams, and Diamond Alkali Co. 

Valter Bonsack has been named Vice- 
‘sident and Director of Research for the 
Fistiansen Corp., Chicago, Ill. He will 
d technical operations and procedures 
tall of the company’s plants and will be 
jited at the Chicago headquarters. 


ly 1950 


formerly - 


rred to in the same note, in which case the jirst 
It is believed that this arrangement will facilitate 


Gilbert K. Brower, formerly Vice- 
President, Manufacturing, John L. Ray 
Oil Corp., South Braintree, Mass., is now 
Technical Director, Kelite Products, Tne., 
Montauk, L. I., N. Y. 

Franklin H. Fowler, Jr., is now affiliated 
with Engineering Research Associates, 
Inc., St. Paul, Minn., as Mathematician. 
He was previously Associate Editor, Mc- 
Graw-Hill Publishing Co., New York City. 

D. L. Getz, Chief Engineer, Steel 
Products Engineering Co., Springfield, 
Ohio, has been named Chairman of the 
Engineering and Research Committee of 
the Stoker Manufacturers Association. 

E. W. Gilliland, formerly Chief Chemist, 
Mine Safety Appliances Co., Pittsburgh, 
Pa., is now associated with the John T. 
Ryan Memorial Lab., Pittsburgh, in a 
similar capacity. 

Ralph E. Hall, international authority on 
industrial and municipal water-condition- 
ing, and Director of Hall Laboratories, 
Inc., Pittsburgh, Pa., since it was founded 
in 1925 by the Hagan Corporation, was 
honored recently at a dinner of 150 as- 
sociates and friends at the St. Clair 
Country Club, Pittsburgh. Following 
the dinner 52 executives, veteran employ- 
ees, and district managers of Hall Labora- 
tories, Inc., participated in a four-day 
silver-anniversary celebration program, 
which included a 3000-mile round trip to 
Florida. Dr. Hall announced that al- 
though he will continue his scientific work 
as consultant with the firm and remain a 
member of the board of directors, he is re- 
linquishing active direction of Hall 
Laboratories, Inc., to Everett P. Partridge, 
who has been Director of Research for 
many years. In A.S.T.M. Dr. Hall has 
rendered outstanding service, particularly 
in connection with Committee D-19 on 
Industrial Water, of which he has been the 
Secretary since the committee was organ- 
ized in 1932. 

Arthur Leland Johnstone, formerly 
Senior Testing Engineer, Kansas City 
Public Works Testing Lab., is now as- 
sociated with the Searle Petroleum Co., 
Omaha, Nebr. 

Paul E. LaValley has accepted position 
as Chief Engineer, Charles Howe As- 
sociates, Inc., Newburyport, Mass. He 
was previously a member of the technical 
staff of Sylvania Electric Products, Inc., 
Ipswich, Mass. : 

William F. Little, Engineer in Charge, 
Photometric Department, Electrical Test- 
ing Laboratories, Inc., New York City, has 
been named by the Illuminating Engineer- 
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ing Society to receive its 1950 Gold Medal, 
presentation to be made during the 
National Technical Conference at Pasa- 
dena, Calif, Aug. 21-25. The Gold 
Medal, highest honor in the field of illumi- 
nation, is awarded “for meritorious achieve- 
ment conspicuously furthering the profes-- 
sion, art or knowledge of illuminating 
engineering.” 

Raymond McBrian, Vice-President, Den- 
ver and Rio Grande Western Railroad 
Co., Denver, Colo., participated in the 
Panel Discussion on Diesel Engine Main- 
tenance, at the Twelfth Annual Meeting of 
the Midwest Power Conference held in 
April in Chicago under the sponsorship 
of the Illinois Institute of Technology, 
with the cooperation of the engineering 
departments of several of the midwestern 
colleges and universities, and local sec- 
tions of various technical organizations. 

Carl S. Miner, Director of Miner Lab- 
oratories, Chicago, has been elected to the 
Board of Directors of Commercial Solvents 
Corp., Terre Haute, Ind. Mr. Miner, in 
his capacity as consultant, serves on the 
research committees of a number of cor- 
porations. 

Russell F. Passano, formerly Metallur- 
gical Engineer, Bethlehem Steel Co., Inc., 
Bethlehem, Pa., has become a member of 
the staff of Coverdale & Colpitts, Consult- 
ing Engineers, New York City. 

D. J. Peeps, formerly Chief Engineer, 
has been advanced to Vice-President in 
Charge of Engineering of the DeVilbiss 
Co., Toledo, Ohio. 

John H. Sandberg is now associated 
with the Mission Mfg. Co., Houston, 
Tex., in the capacity of Metallurgist. 

Paul Schwarzkopf, Director of Research, 
American Electro Metal Corp., Yonkers, 
N. Y., delivered the sixth annual medal 
lecture sponsored by the Powder Metal- 
lurgy Laboratory, Stevens Institute of 
Technology, Hoboken, N. J., the title of 
his paper being ‘Mid-Century Review 
and Preview of Powder Metallurgy.” Dr. 
Schwarzkopf has been a pioneer for 30 
years in the powder metallurgy field. 

Raymond B. Stringfield, Consulting 
Chemical Engineer, Los Angeles, and Past- 
Chairman of the A.S8.T.M. Southern Cali- 
fornia District, has been honored by the 
Los Angeles Rubber Group through elec- 
tion as an honorary life member. He has 
been active in this group for over 20 years 
and was its first chairman in 1928. The 
Rubber Group’s annual publication indi- 
cates that this honor was conferred on him 
“for his unselfish efforts, for the inspira- 
tion he has been to all with whom he 
worked, and because we consider him an 
esteemed friend and welcome compan- 
ion.” 

Percival Theel, who previously headed 
the chemistry and dyeing department at 
Philadelphia Textile Institute, has been 
appointed Coordinator of Research. B. 
Russell Koenig, associate professor in 
charge of Jacquard color, testing and 
microscopy, has been named Assistant Co- 
ordinator of Research. 

Sam Tour, Chairman of the Board of 
Sam Tour and Co., Inc., has just been 
elected Chairman of the Inter-Society 
Corrosion Committee of the National 
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Association of Corrosion Engineers, a 
committee organized several years ago to 
promote cooperation among technical so- 
cieties working in the field of corrosion. 
Mr. Tour has maintained an active inter- 
est in the field of corrosion since World 
War I, is a staunch A.S.T.M. supporter 
and has established a Sam Tour Award 
Fund to promote interest in corrosion 
testing and to offer some incentive for the 
publication of papers on corrosion testing 
in the A.S.T.M. 

Howard Vogel, Chief Engineer of 
Champion Spark Plug Co., Toledo, Ohio, 
has been named to the newly created post 
of Director of Engineering, with Roy 
Paton as his assistant. Mr. Vogel, who 
has been with Champion for 18 years and 
has been Chief Engineer since 1946, will 
maintain his position of directing the 
over-all engineering operation. Paton, 


who has been in charge of the engineering 
production, joined the company in 1946. 
He will perform most of his duties in the 
field with manufacturers using Champion 
equipment. 

James R. Withrow, Professor Emeritus 
in the School of Chemistry and Chemical 
Engineering of Ohio State University, was 
honored recently by presentation of honor- 
ary membership in the American Institute 
of Chemists. Presentation was made at 
the first annual meeting of the Ohio chap- 
ter of A.C. 

The Inter-Society Color Council, of 
which A.S.T.M. is a member, has an- 
nounced that the Council Chairman for 
1950 is Isay A. Balinkin, who represents 
the American Ceramic Society on the 
Council. He is associated with the De- 
partment of Physics of the University of 
Cincinnati. 


NEW MEMBERS... 


The following 62 members were elected from 
March 23, 1950 to April 20, 1950 making the 
total membership 6721 . . . welcome to A.S.T.M. 


Note—Names are arranged alphabetically—company members first, then individuals 


Chicago District 


SprrecraALLoy, Inc., Mitchell Silverstein, Vice- 
president, 336 W. Thirty-seventh St., 
Chicago 9, IIl. 

DryspaLe, Davin A., Engineer, Materials, 
Commonwealth Edison Co., 72 W. Adams 
St., Chicago, Ill. For mail: 2233 S. 
Throop St., Chicago 8, Ill. 

Frantz, Nicuouas, Chief Engineer, Carter 
ane Co., 213 Institute Pl., Chicago 10, 


Cleveland District 


Bowekrs, A. G., Chief Chemist, Hunt Manu- 
facturing Co., Lisbon Rd., Cleveland 4, 
Ohio. 

FriIepDLy, Guenn C., Manager, District Sales 
and Research Director, Lexington Supply 
ae 4815 Lexington Ave., Cleveland, Ohio. 

Hosss, Grorce S., Engineer, 60 Wood St., 
Painesville, Ohio. 

Juve, R. D., Chief Chemist, Mohawk Rub- 
ber Co., Akron, Ohio. 


Detroit District 


Kittie, Keirx B., Heating Engineer, Fair- 
banks, Morse and Co., 616 Fourth, Three 
Rivers, Mich. For mail: 210 Fifth Ave., 
Three Rivers, Mich. 


New England District 


Liserty Moutvuat Insurance Co., Stuart W. 
Gurney, Director of Industrial Hygiene, 
175 Berkeley St., Boston 17, Mass. 

Laarr, GrorceS., Director, Research and De- 
velopment, The Bolta Co., Lawrence, Mass. 


New York District 


BuiLpiIne OFFICIALS CONFERENCE OF AMER- 
ca, Inc., Arthur J. Benline, Second Vice- 
President; Superintendent of Housing and 
pula: Municipal Bldg., New York 7, 


EDUCATIONAL AND INSTITUTIONAL CooPpERA- 
TIVE Service, Inc., Leslie F. Robbins, 
Secretary, 45 Astor Pl., New York 3, N. Y. 

Graves, H. K., Materials Engineer, Material 


Lab., New York Naval Shipyard, Brook 
N. Y 


Kuine, Groree, Superintendent, Dep 
ment of Streets and Highways, Swanst: 
Pl., Union, N. J. 

Morris, ArtHuR D., President, Bayo 
Bolt Corp., 90 West St., New York 6, N 

Parsons, FraNK E., Engineer, Nati 
Mineral Wcol Assn., 2906 R.K.O. BI 
New York, N. Y. 

SoperGREEN, A. L., Director, Chem 
Dept., West Disinfecting Co., 42-16 V 
St., Long Island City, N. Y. 

Wuits, Rozert T., Building Inspector, ( 
oe East Orange, City Hall, East Orai 

Sle 


Northern California District 


Puitiirs, Aris, Acting Assistant Profes 
Stanford University, 262 Mechanical 
gineering Dept., Stanford, Calif. 


Ohio Valley District 


Inp1ana Minera AGGREGATES Assvn., I 
Ralph E. Simpson, Engineer-Direc 
1207 Roosevelt Bldg., Indianapolis 4, | 

Avrit, ARTHUR C., President, Sakrete, I 
Box 11, St. Bernard, Cincinnati 17, Oh 

Brarp, Max I., Metallurgist, Automo 
Gear Works, Inc., 1500 S. O St., R 
mond, Ind. For mail: 225 8. Twelfth 
Richmond, Ind. 

McKim, Wauter A., Assistant to Presid 
Reliance Varnish Co., 4730 Critten 
Dr., Louisville 9, Ky. 

Prreny, Louis, President, Protective Tr 
ments, Inc., 420 Dellrose Ave., Dayto 
Ohio. 


Philadelphia District 


Foster & Kester Co., Inc., E. How 
Kester, Vice-President, 2601 N. Broad 
Philadelphia 32, Pa. 

Revonan Spinnine Mriuis, Fred J. I 
Donald, Chemist, Hanover, Pa. 

Cavum, J. W., Technical Assistant, Amer: 
Society for Testing Materials, 1916 F 
St., Philadelphia, Pa. For mail: 
Castlewood Rd., Glenside, Pa. 

FirteRER, SHELDON Epwarp, Technical 
sistant, American Society for Testing - 
terials, 1916 Race St., Philadelphia 3, 
For mail: 603 Central Ave., Hello 
Terrace, New Castle, Del. 

KeLemMen, Frank K., General Mana 
hee Products, Inc., Merchantyill 

Markuorr, C. E., Laboratory Group Lea 
The Borden Co., Chemical Div., £ 
Summerdale Ave., Philadelphia 24, Pa 

Minnick, L. Jonn, Chief Chemist, G. & 
H. Corson, Inc., Plymouth Meeting, P 

SoRENSEN, WILLIAM R., Quality Control 
gineer, York Corp., York, Pa., For m 
1404 Second Ave., York, Pa. 

URBANEK, JosepH P., Chemist, Philadel 
Quartermaster Depot, Research and | 
velopment Labs., 2800 S. Twentieth 
Philadelphia 45, Pa. 


Pittsburgh District 
Dickson, K. B., Manager, Bureau of T 


To the A.S.T.M. Committee on Membership 


1916 Race St., Philadelphia 3, Pa. 


Gentlemen: 


Please send me information on membership in A.S.T.M. and include a membership application bl) 


Date 


Signed 
Address 


A 


TLE 


Eee 


ASTM BULLETIN 


May ' 


'al Information, Carnegie-Illinois Steel 
rp, 434 Fifth Ave., Pittsburgh, 30, Pa. 

3HALL, Tom, Jr., Chemist, City of Pitts- 
, 4501 Centre Ave., Pittsburgh 13, 


souis District 
ox AviaTIon Corp., Kansas Crry Drvt- 


+N, H. K. Morgan, Director of Engineer- 
:, Box 1159, Kansas City 10, Mo. 


fern California District 


HERN CALIFORNIA Gas Co., Guy Cor- 
td, Research Engineer, Box 3249, Termi- 
@ Annex, Los Angeles 54, Calif. 
pt, Raymonp A., Director of Research 
a Development, Aluminum Diy., Hunter 

uglas Corp., Riverside, Calif. 

Navat Orpnance Test Station, Inyo- 
n, China Lake, Calif. 


qiington (D. C.) District 


{BRLY, Harry W., Jr., Executive Vice- 
xsident, Concrete Pipe and Products 
»., Inc., Box 1223, Richmond, Va. 


ern New York— Ontario District 


, Dona C., Chief Engineer, Canadian 
stitute of Steel Construction, Inc., 124 
dor St., W., Toronto 5, Ont., Canada. 
PRAVNIK, A., Head, Resin Research, The 
161 a Co., Chemical Div., Bainbridge, 


+ and Possessions 


OLITE Corp., Ltp., Wax Drvisron, A. 
) Marshall, Chief Chemist, Box 390, 
ilgore, Tex. 

Jon AND AssociaTss, Inc., R. J. Tipton, 
/ cnt, 601 Insurance Bldg., Denver 
1Colo. 

son, R. A. J., Consulting Engineer, 
é2llie Esperson Bldg., Houston 2, Tex. 
RELL, W. L., Chief Engineer, Brown & 
vot, Inc., Marble Falls, Tex. For mail: 
x 117, Burnet, Tex. 
aes, Ben H., President, Hughes Broth- 
5, Inc., Seward, Nebr. 
son, MetyIn WHEELER, Assistant Pro- 
sor, Georgia Institute of Technology, 
lanta, Ga. 

R, Lesiiz I., Engineer, Pumex Corp., 
tbuquerque, N. Mex. For mail: 2016 BE. 
ad Ave., Albuquerque, N. Mex. 

30n, E. B., Chemist, U. S. Department 
the Navy, Bremerton, Wash. For mail: 
£25 N. Wycofft Ave., Bremerton, Wash. 

§, ARTHUR M., Civil Engineer, Engineer- 
* Services, Continental National Bank 
dg., Salt Lake City, Utah. For mail: 

00 S. Fiftieth, West, Kearns, Utah. 


Ir than U. S. Possessions 


IAMBAUD, Prpro J., Ministerio de 
acienda, Junta de Arancel de Aduanos, 
‘iracas, Venezuela. 

TRALIA, Derence ReErsgeARCH LABORA- 
jnres, Officer-in-Charge, New South 


‘aitlemen: 


roleum, steel, non-ferrous, ect.,) 


Wales Div., 51 Bourke St., Alexandri 
N.S.W., Australia. Bass 

AUSTRALIA, Durence Resparcu Lapora- 
TORIES, General Superintendent, Private 
Bag No. 4, P. O. Asect Vale, Victoria, 
Australia. 

Boon, Cyrin Bertrand, Chief Chemist, 
Germ Lubricants, Ltd., Bloom St., Man- 
chester 3, England. 

CrnTRALE ProrestaTIons Vira., G. Ver- 
haar, Director, Central Chemisch Tech- 
nische Afdeling, Experiment Station, Box 
12, Bogor, Indonesia. 

Katine, Bo Micuarn Srurr, Director of 
Research, Stora Kopparbergs Bergslags 
AB, Research Dept., Domnarvet, Sweden. 


Puastics Resnarcn Insr., T.N.O., Juliana- 
laan 134, Delft, The Netherlands. 

Summons, WauTER J., General Manager, R. 
J. Del Pan Corp., Box 601, Tokyo Central, 
Tokyo, Japan. 

SourH AusTRALIA, Drrence ResHarcH 
Laxsoratorigs, Officer-in-Charge, South 
Australian Branch, P. O., Woodville, 
South Australia. 

UNIVERSIDAD CENTRAL, FacuLTaD DE CIEN- 
crass Fistcas y Martrematicas, Ciudad 
Universitaria, Caracas, Venezuela. 

Waker, Joun D., General Superintendent, 
Crane Limited, 3800 St. Patrick St., Mon- 
treal, P. Q., Canada. 


* [J] denotes Junior Member. 


LABORATORY SUPPLIES... 


Catalogs and Literature and Notes on New or Improved Apparatus 


Note—This Information is based on literature and statements from apparatus 
manufacturers and laboratory supply houses. 


Catalogs and Literature 


A. S. Aloe, 1831 Olive St., St. Louis 3, 
Mo. A 64-page Supplementary Catalog 
102 A, to be used with the large General 
Laboratory Catalog 102, gives detailed 
specifications on some important appa- 
ratus recently added to Aloe’s line. The 
catalogs represent a single source for all 
laboratory mneeds——laboratory furniture, 
apparatus, and chemicals. 


Bausch & Lomb Optical Co., Rochester 
2, N. Y. Laboratory Microscope Catalog, 
D-185, describes the new Model FL Stu- 
dent Microscope as an inexpensive adjunct 
to B & L’s regular line of laboratory-type 
instruments. All these microscopes are 
available with conventional substage 
mirror, integral substage illuminator, or 
both. There are no catalog numbers 
listed—a standardized method of model 
designations makes for quicker and more 
accurate ordering. 24 pages, 83 by il in. 

Also Catalog D-1010, in which there is 
a new Series of Research Microscopes, 
Series EH, added to the well-known Series 
CC and DDE. 20 pages, 83 by 11 in. 


Corning Glass Works, Laboratory 


Signed 
Address 
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Dept., Corning, N. Y. A ten-page supple- 
ment B, Catalog No. LP28, contains two 
sections, Section I—New Items, and 
Section JI—Discontinued Items. The 
new items include details on PYREX ball 
and socket joints, and VYCOR brand high- 
vacuum stopcocks and tubing. Corning 
is discontinuing the manufacture of No. 
650 Bottles sizes 36 ml. and 60 ml. 


Scientific Glass Apparatus Co., Inc., 
49 Ackerman St., Bloomfield, N. J. A 
new 48-page catalog (No. 50), entitled 
“Glass Blowing Equipment,” illustrates 
and describes many of the thousands of 
stock items carried, with appended tables 
giving detailed specifications and current 
prices. One section of the catalog is 
devoted to all types of stopcocks. An- 
other section deals with vacuum equip- 
ment—shows vacuum pumps, testers, and 
gages. Pyrex brand glass tubing, rods, 
and seals are also covered by the new 
catalog, as well as glass blowing burners, 
etc. A number of specialties are also 
listed, such as patented automatic acid 
and alkali burettes, Theimer Vacuum 
Adapters, bell jars, and the Vanderkamp 
“Melt-Pointer.”” A complete subject and 
numerical index is included. 


ithe A.S.T.M. Committee on Membership, 1916 Race St., Philadelphia 5, Pa. 


Please send information on membership to the company or individual indicated below. 
eee, | nT aa na ke 


_——_— SS * es ete ° 
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Instrument Notes 


Concrete Tester—The Baldwin Loco- 
motive Works, Testing Equipment Dept., 
Philadelphia 42, Pa. A new concrete and. 
cement testing machine of 300,000 lb. 
capacity has as its principal feature as 
compared with the previous design sepa- 
rate loading and weighing units. This 
prevents the transmission of load shocks 
to the indicators. The two-unit design 
also permits varying their relative posi- 
tions to suit conditions of use and protects 
the operator from flying or falling particles 
of breaking specimens. The new testing 
machine is a hydraulic compression-type 
suitable for standard concrete cylindrical 
test specimens 3 in. by 6 in., 6 in. by 12 in., 
and 8 in. by 16 in. Special bearing blocks 
are available for testing building blocks 
12 in. wide and 18 in. long. These blocks 
may also be used for testing cylindrical 
specimens. The rate of load application 
is controlled by means of a pacing indi- 
cator and manually operated valve which 
varies the pump discharge to the hydraulic 
loading cylinder. Load can be increased 
at a constant rate in unit stress per minute 
on the test specimen with minimum 
manipulation of controls. The pacing 
device operates at standard A.S.T.M. 
loading rates on the 50,000-lb. dial for 
2-in. and 3-in. diameter cylinders, and 
on the 300,000-lb. dial for 6-in. and 8-in. 
diameter cylinders. 


Telereader—Consolidated Engineering 
Corp., 620 N. Lake Ave., Pasadena 4, 
Calif.—The Telereader, Consolidated Type 
25-105, offers a rapid and precise means of 
measuring, analyzing, and tabulating data’ 
from oscillographic records, either on film 
or paper. The image is magnified 2.5 
times and projected on a 15- by 30-in. 
ground-glass screen, together with the 
image of manually adjustable reading 
crosswires. 


Electroviscometer—Fisher Scientific 
Co., 717 Forbes St., Pittsburgh 19, Pa. 
Viscosity measurements directly in centi- 
poise units and without the need for calcu- 
lations are now provided for the first time. 
The instrument provides highly repro- 
ducible results, has sensitivity over its full 
range, and is simple to operate. It is use- 
ful for testing any liquid of the free- 
flowing Newtonian type. It comprises a 
stand on which the sample is held in a 
sample cup and revolved at constant 
speed around a “bobbin.” This central 
element is movable and can be turned in 
opposition to the natural pull of the liquid 
under study as shearing force is exerted 
against the bobbin. A magnetic field, to 
which variable amounts of electrical force 
can be applied, is created around the 
bobbin adjustive by control knobs on the 
separate power supply and meter unit. 
When the magnetic force applied to the 
bobbin exactly counterbalances the me- 
chanical force exerted by the rotating 
liquid, the viscosity is expressed in centi- 
poise units read directly from the scale 
of the instrument. Features include the 
choice of two sizes of bobbins, one for 
liquids of low viscosity (0-500 centipoises), 
and one for heavier liquids of 500 to 5000 
centipoises. The stand incorporates a 
constant temperature bath which is readily 
placed and removed; also a ventilating fan 
to cool the magnetic coil above the bobbin. 
The 110-volt a-c. power supply is regu- 
lated to insure constant speed of the 
sample cup rotation and force applied to 
the bobbin. 
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Interchemical Dry Thickness Gage— 
Henry A. Gardner Laboratory, Inc., 4723 
Elm 8t., Bethesda, Md. This gage with 
a suitable attachment can be used to 
measure foils or unattached sheet mate- 
rials like paper, foils, etc., by the “feeler 
gage’ method. A “visual” method is 
used to determine simply and accurately 
the thickness of attached coating such as 
paint materials on steel, etc. The instru- 
ment permits the measuring of coatings 
regardless of their hardness without 
deformation. 


Corson-Cerveny Micro-Bellows Pump— 
Research Appliance Co., Box 413, West 
View Road, Pittsburgh 9, Pa. Primarily 
developed for laboratory scale pumping of 
materials which are liquid at room tem- 
perature but can be adapted to pump low 
boiling liquids such as pentane and melted 
solids (e.g., naphthalene) and viscous 
materials. A pulsation type pump which 
delivers a constant rate over long periods 
of time. The rate is variable depending 
upon the size of bellows and position of the 
adjusting nut. This pump has the de- 
sirable feature of having no packing gland 
or stuffing box, eliminating all dangers of 
contamination of product by lubricants. 
The Type “‘C’”’ Pump uses a stainless steel 
bellows which is electric welded to stain- 
less steel fittings and attached to a stain- 
less steel check assembly. All connections 
are machined fits requiring no compounds 
or gaskets. 


INSTRUMENT 
COMPANY 
IN BRA pe egsere ait 


Announcements, changes 
in personnel, new plants and 
locations, and other notes of interest 


CONSOLIDATED Engineering 
Corp. has set up a new Department of 
Advertising and Public Relations. This 
new department will handle all advertising, 
sales promotion, and public relations for 
the firm, including national magazine 
advertising, catalogs, direct-mail cam- 
paigns, exhibits and trade shows, pub- 
licity and news releases, public relations 
program, technical manuals, and CEC 
Recordings. Philip 8. Fogg, President, 
stated that under this new plan a smoother 
and more efficient program can be carried 
out for both divisions of the Sales Depart- 
ment, the Administration, and the com- 
pany in general. George H. West has 
been appointed Director of Advertising 
and Public Relations to head this new 
department. Mr. West has been with 
Consolidated for seven and a half years 
and previously held the position of Adver- 
tising and Sales Promotion Manager under 
the Sales Department. 

The C. J. Tagliabue Corporation (N. J.) 
was integrated into the operation of the 
parent corporation on January 1, 1950. 
As a consequence of integration Tagliabue 
apparatus will be made and sold by 
Weston Electrical Instrument Corp. in 
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the future. The new name of this ¢ 
pany will be Tagliabue Instruments I 
Weston Electrical Instrument Corp. 


Calendar of Society Meetings 


AMERICAN ELECTROPLATER’S SOCIETY— 
Annual Convention and Fourth hi 
national Conference cn Electrodeposi 
June 12-15, Hotel Statler, Boston, Ma: 

American Society for Testing Materia 
53rd Annual Meeting and 9th Exhib 
Testing Apparatus and Related Eq 
ment, June 26-380, Hotel Chalfo 
Haddon Hall, Atlantic City, N. J. 

Tue InsTITUTE oF PETROLEUM—Oil § 
and Cannel Coal Conference, July 
Glasgow, Scotland. 

AMERICAN CHEMICAL SocirTy—118th 
tional Meeting, September 3-8, Chic 
Ill. 

INSTRUMENT SociETY or AMERICA—CoI1 
ence and Exhibit, September ii 
Buffalo Auditcrium, Buffalo, N. Y. 

NaTIONAL PETROLEUM ASSOCIATION— 
tember 13-15, Hotel Traymore, Ati 
City; N. Ji 

INSTRUMENT Society oF AMERICA— 
National Instrument Conference and 
hibit, September 18-22, Memorial A 
torium, Buffalo, N. Y. 

Society or Puastics Inpustrr—An 
National Conference, October 18-20, | 
Ocean House, Swampscott, Mass. 

AMERICAN Society FoR Merrtans—< 
National Metal Congress and Exposit 
October 23-27, International Am 
theatre, Chicago, Ill. 

NatTIonaL Founpry AssociaTIon—An 
Meeting, November 8-10, Edgew 
Beach Hotel, Chicago, Ill. 

AMERICAN PETROLEUM INSTITUTE—AD 
Meeting, November 13-16, Biltmore 
Ambassador Hotels, Los Angeles, Cali 

Natrona Parnt, VARNISH & Lace 
Assn.—November 15-18, Fairmont H 
San Francisco, Calif. 

AMERICAN SocreTy oF MrcHanicat EF 
NEERS—Annual Meeting, November 
December 1, Hotel Statler, New Y 
IN YE 


AMERICAN INSTITUTE OF CHEMICAL E 
NEERS—Annual Meeting, December 
Columbus, Ohio. 


High-Temperature Ceramics—M 
Summer Program 


TurovuGH its Divisior 
Ceramics, the Massachusetts Institut 
Technology Department of Metall 
will offer a two-weeks program in 
Temperature Ceramic Materials, 
August 7 to 18, inclusive, as part of 
1950 Summer Session. The program 
include a series of lectures on various t 
of high-temperature refractory mate: 
particularly those important in com 
tion parts for guided missiles and in « 
ponents of atomic energy reactors. L 
ratory experiments designed to fam 
ize students with modern equipmen 
fabricating and testing high-tempera 
refractories will be available. 
For further details, write to Walte 
Gale, Room 3-107, Massachusetts ] 
tute of Technology, Cambridge 39, M 
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@-= important function 
he American Society for Testing 


erials is to develop test methods 
#h are reliable when used in any test- 
laboratory. Many of these methods 
quite complicated and require that a 
§s of manipulations be carried out 
irding to a specified procedure. A 
al flow sheet is shown in Fig. 1, 
ire the general method for determin- 
five of the metallic constituents in a 
gnon alloy known as German silver 
id out. The method for copper is 


simple, while that for nickel re- 


Sample 
Solution in diluted HNO3(I+ 1) 


Cu(NO3)o, Zn(NO3z)>, Ni(NO3z)o, 
Pb(NO3)o, Fe(NO3)3, HNO3 
Electrolysis 


Electrodes Electrolyte 


(—.—DISCUSSION OF THIS PAPER IS 
TED, either for publication or for the 
‘tion of the author. Address all communica- 
ito A.S.T.M. Headquarters, 1916 Race St., 


f 
fican Sel ae dee a December 28, 
New York, N. Y. 

Yastman Kodak Company, Rochester, INE Ys 
‘yer of Committee E-11 on Quality Control of 


lundell and Hoffman, ‘Outlines of Methods 


/ emical Analysis,’’ John Wiley and Sons, New 
_N. Y., Table 105, p. 20p. 


+ 1950 


Programs 


by Grant Wernimont® 


quires almost a dozen consecutive steps. 

It is necessary to work out the details 
of these test methods with care and then 
subject them to a collaborative study in 
several laboratories before they are 
officially adopted for A.S.T.M. use. 
The procedure for these interlaboratory 
studies is usually somewhat as follows: 
a homogeneous reservoir of test material 
is prepared and samples from the reser- 
voir are tested in several laboratcries 
according to the test method. The test 
results from the various laboratories 
are then assembled for study. Table I 


NH,OH 


Electrodes Anode 
Ni No Deposit 
Weighed 


shows the results of a typical interlabora- 
tory study of this kind in which nine 
laboratories determined the lead content 
of a National Bureau of Standards 


sample of steel. 
An A.S.T.M. committee hopes to get 
information to answer the folowing 


types of questions from results such as 
these: 
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_ The Design and Interpretation of Interlaboratory Test 


1. Does the method have any con- 
stant errors? 

2. What limits of variation can be 
expected when the method is used by 
any single test operator? 

3. What limits of variation can be 
expected when the method is used by 
any test operator in any testing labora- 
tory? 

It often turns out that no very satis- 
factory answers can be given to ques- 
tions like these from the results which 
are obtained. 

Figure 2 shows a control chart for the 


ZnSO04 
PbOp'XH20 Zn(NO3)o Tie a Dilution with treatment with‘ NiSOq ee 
ee Treatment Fe, (SO, Water ond — > INH2S0, —*Feo(SOq)s with HO 
Fe(NO3)3 with HaSOq €2(SOq)3 Neutralization ial peRslOO fal (NH,),$0 2 
i 4 4 
HNO3 HpSOq with NH,OH one 
Filtrate Precipitate 
NiSOq 
Boiling and : 
Fe(SOq) 2 = 
Heating at Neutralization with NHgOH (Nia) S04 7 Oxidation with (NHg)>$0q ZnS 
ed 4/2> <4 (NHq)2$90g HySOq 
175-200 C HS0q ie 
Filtrate Precipitate 2 Preliminary 
PbO Heating 
cuore ZnS04 
Weighed (NHq4)p S04 Fe(OH) 
ee Final Ignition 
at 900 C 
Addition of NH,OH Vanton 
and Electrolsis an ZnO 
Electrodes Electrolyte Fe,0z Weighed 
(NH, ),S0 | 
dae Weighed 


Fig. 1.—Analysis of German Silver (Cu, Zn, Ni, Pb, Fe).* 


results in Table I. The control limits 
for ranges and averages have been com- 
puted by control chart methods in which 
the rational subgroups were the testing 
laboratories (see Appendix). The lower 
graph for ranges shows no evidence of a 
lack of control of the factors which 
cause variability within each labora- 
tory. However, the laboratory averages 
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_—LEAD CONTENT OF BUREAU OF STANDARDS SAMPLE NO. 130 CONTAINING 
eee 0.204 PER CENT LEAD. 


Laboratory Deevanera etedeeaen eee No.1 | No. 2 
Determination A.,........ 0.211 | 0.197 | 0.200 
Determination B.......... 0.210 | 0.200 | 0.200 
Determination C.......... 5a 0.196 | 0.178 
Determination D.......... 0.195 ete 
Determination E.......... 0.192 
Determination F.......... 0.196 
Determination G.......... 0.194 

AV eC nh ae 0.210 | 0.196 | 0.193 


No. 3 


a Grand average = 0.200. 


No. 4 | No.5 | No.6 | No.7 | No.8 | No. 9 
0.202 | 0.207 | 0.189 | 0.191 | 0.206 | 0.202 
0.198 | 0.208 | 0.192 | 0.194 | 0.206 | 0.202 
0.211 | 0.208 | 0.195 | 0.191 0.189 
0.203 | 0.208 | 0.204 

0.215 

0.206 | 0.208 | 0.195 | 0.192 | 0.206 | 0.198 


Lead, per cent 


Range 
Oo 
ro) 
e) 


Lab. No. | 8 


No. of Tests 2 
in Each Lab. 


3) pho iGarr 4 2 
pee 


“Accepted Bureau of Standards Value 


Fig. 2.—Control Chart for Lead Content of Sample 
No. 130. 


(upper graph) fluctuate more than can 
be explained by the variability observed 
within the laboratory; and four of the 
laboratories are out of control on the low 
side. This seems to point to a rather un- 
satisfactory test method. 

From a technical point of view, how- 
ever, we need to know more about the 
“raw” data before we condemn or 
approve the method. Are the tabu- 
lated values of these data individual test 
results or are they averages? Were the 
results obtained by a single test operator 
in each laboratory? Were the test re- 
sults obtained on the same day or on 
several days? Without information 
about such details, it is not possible to 
make a logical interpretation of the re- 
sults of an interlaboratory study no 
matter how much statistical treatment 
is given to the data. The A.S.T.M. 
committees are beginning to be aware of 
this, and they want to design their inter- 
laboratory test programs so that mean- 
ingful conclusions can be drawn from 
the results of their studies. 

A.S.T.M. Committee E-11 on Statis- 
tical Quality Control of Materials has 
set up a Task Group to prepare a report 
on ‘Planning an Interlaboratory Study 
of a Test Method.” 
draft of the report is divided into five 
parts as follows: 


I. Preliminary Survey of Existing 
Data. 
II. Preparation of a Master Plan. 
III. Operation of the Master Plan. 
IV. Interpretation of the Results. 
V. Publication of the Results. 


In Part I it is recommended that sim- 
ple control chart methods be used to get 
as much information as possible from 
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The preliminary — 


(d) Preliminary estimates of stanc 
deviations associated with 
following: 

1. Tests made within very sg 
periods of time by a si 
test operator under es 
tially the same conditions 

2. Tests made from day to day 
a single operator under eg 
tially the same condition 

3. Tests made by different o 
ators using different set 
laboratory equipment. 

4. Tests grouped in any other 
tional and hence compar 
way. 


If a study of the existing data indie: 
that some apparent contradictions h 
been observed in the behavior of the 
method, it is recommended that s 
able experiments be designed and > 
ried out in some one laboratory in 01 
to answer the questions raised. 

In Part II of the procedure, an 
tempt is made to draw up an experin 
tal design for the interlaboratory © 
program which will yield a maxi 


TABLE II.—STANDARDIZATION OF SODIUM THIOSULFATE SOLUTIONS. 
Values tabulated = (observed equivalents per liter — 0.1240)10,000 


Laboratory........ No. 1] No. 2} No. 3] No. 4| No. 5} No. 6| No. 7| No. 8} No. 9|No. 10) Ni 
ifn Gi 9 10 9 13 11 4 12 15 1 
IeDay erat een 10 11 13 10 9 11 11 4 11 15 
11 6 11 11 9 10 7 9 11 15 
AVE ee Anes 10.7 | 8.0)| 11.0 | 10.3} (9.0)| 11235-9575 57-6 Lincaletong 
9 12 11 10 9 8 9 10 10 11 
ODaysese eee 9 12 11 10 9 9 13 70 12 11 
8 9 11 10 8 Wf 12 9 12 13 
AY Beek 8.7, | 11.0 | FROI-10.0)|) ($53) |) St0F|) 113) Sez |) de seed 
Ott 11 10 \ 6x0 9 9 5 13 | 13 
BuDayawe nee 6 9 11 10 10 8 9 10 11 10 | 
11 10 10 10 11 9 10 10 12 11 et 
ACT Daa ee Sanya 8.7 | 10.0 | 10.7 | 10.0 | 10.3 | 8.7 | 9.3) 8.35] 12.0) \inemee 
Liabwave.o ene 9.3 | 9.7 | 10.9 | 10.1 | Oey | OES TOE 765 | 11.6 | 12.7 | 


@ Grand average = 10.0. 


12540 X 10° 
12 520 
12500 
12 480 
12 460 


Day Average of Three 


Equivalents per Liter 


Day Range 
of Three 


existing test method data regarding: 


(a) The fitness of the method for the 
types of materials it is designed 
to test. 

(b) The precision and the constant 
errors which might be expected 
when the method is used. 

(c) The kinds of assignable causes of 

' error against which precautions 
need to be taken in setting up the 
test program. 
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Laboratory Number 
Fig. 3.—Control Chart for Standardization of Sodium Thiosulfate Solutions, Day Averé 


amount of information regarding, 
points listed under the preliminary 
vey. It is recommended that at - 
two reference materials be prepare 
use throughout the test program. T 
materials should represent the extr 
of the types of materials which! 
method is designed to test. Rathe 
tailed methods are given on how rar 
samples of the materials shoulc 
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c " BLE III.—ANALYSIS OF VARIANCE,* STAN 
‘ SOLUTI 


DARDIZATION OF SODIUM THIOSULFATE 


ONS, 
it 
i Source of Variation i eerece of Sum of Mean F 
reedomb Squares Square Ratio® 
hmong laboratories.............., (11 — 1) = 10 
mone days within laboratories... . . ae — 1} = 22 100.7 138 ge 
Memerhin days............ cee see ley 33(3 — 1) = 66 165.3 2:50 ine 
- CUOSIER SSRs Sees eee 98 


( Computed from values taken from Table II. 


+> The number of deviations minus the number of constants det 


fix the points from which these deviations were measured. 


? Ratio of mean squares which can be compared with theoretical values that will be exceeded only when 


‘nificant components of variance exist. 
i Significant at 1 per cent probability level. 
? Significant at 5 per cent probability level. 


fected for distribution to the various 
oratories. It is emphasized that the 
‘ad and number of replications used 
wroughout the entire study should be 
“iform so that comparisons of vari- 
qility within and among laboratories 
(a be made more easily. 
iThe results of an interlaboratory 
yidy which follows the design of the 
‘tommended procedure are shown in 
wble II. In this study, a proposed 
ythod of standardizing a commonly 
‘ed chemical reagent was examined. 
‘andardization tests using the method 
)re carried out on three different days 
‘ring a period of one week in each of 
ven different laboratories. A single 
st operator performed the tests in each 
doratory, and three individual tests 
tre made on each day. It is not pos- 
‘le to study the constant errors of this 
st method because the standard values 
the solutions tested were not known 
actly. The variability within days, 
1ong days within laboratories, and 
hong laboratories can be studied. 
Part III of the recommended proce- 
te suggests that the master plan be 
bjected to a pilot run with only a few 
poratories collaborating. At this 
int, some final changes in the design 
the program and in the test method 
alf can be made if this seems desirable. 
Part IV, which deals with the in- 
pretation of the results of the study, 
js been one of the hardest to draft be- 
ise it is felt that the exact course to 
followed often depends a great deal 
the nature of the results themselves. 
preliminary control chart is recom- 
nded. Other statistical methods such 
analysis of variance may also be used 
shis seems desirable. 


| 

Interlaboratory Study of Determination 
of Lead in Steel: 

?rom Table I, 


¥’ = 0.204 per cent lead 


For a more complete description of these 
aniques see A.S.T.M. Manual on Presentation 
Data, Am. Soc. Testing Mats., pp. 49 and 50 
ued as separate publication, S7’P No. 15-B); 
A. Brownlee, ‘‘Industrial Experimentation, 
smical Publishing Co., Inc., Brooklyn, N. Y., 
49-52 (1948). 
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12530 x 104 
12520 
12510 
12 500 
12 490 
12 480 


Equivalents per Liter 
Laboratory Averages of Nine 


12470 
12 460 


ag 2 


ermined from the experiment and used 


Sy 
Laboratory Number 


to find and remove the assignable 
causes of small day-to-day variability 
within a laboratory so long as it is not 
erratic. 

The control chart for laboratory 
averages in Fig. 4 has limits based on 
(1) the variability within days and (2) 
the variability within laboratories (see 
Appendix). It seems quite clear that 
laboratories cannot be expected to 
agree with each other within limits based 
on the variability within days. Labora- 


Limits Based on Variability 
within OC 


within Laboratories 


Sy 76 3 S) TO) IM 


Fig. 4.—Control Chart for Standardization of Sodium Thiosulfate 
Solutions, Laboratory Averages. 


A control chart for the thiosulfate 
standardizations is shown in Fig. 3. 
The control limits for test operator 
ranges and averages are based on the 
average range of three standardizations 
made by an operator on the same day 
(see Appendix). The lower graph for 
ranges shows no evidence for serious lack 
of control of the factors which con- 
tribute to the variability of repeated 
standardizations made on the same 
day. 

The upper graph for day averages 
shows evidence of lack of control of 
some of the factors which cause vari- 
ability from day to day in the eleven 
laboratories. The variance analysis for 
these results (Table III) indicates that a 
large part of this variability is among 
the laboratories, although the day-to- 
day variability within the laboratories 
should not be ignored. This kind of be- 
havior is often observed in the results 
of tests like this. Usually it is not 
possible, from an economic point of view, 


APPENDIX 


observed & 


og’ = average value of ratio 
2, 


for individual laboratories 


10,001 , 0.038 , 0.016 

‘ lt 1.693 | 2.059 
0.017 m5) 
2.326 | 2.704 


— 


= 0.005 per cent lead 
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tories Nos. 8 and 10 approach the limits 
based on total variability within labora- 
tories, and it would be worthwhile to 
try to find a reason for this. 

The concluding part of the recom- 
mended procedure gives some sugges- 
tions about publishing the results of the 
interlaboratory study. It is recom- 
mended that the report include all of 
the original data unless it is very large. 
Tabular summaries should be drawn up 
if they make it easier to interpret the re- 
sults. It is suggested that control 
charts should always be used when this 
is possible, and great care should be 
taken to explain fully the methods used 
to compute control limits. 

Up to the present time, very few 
A.S.T.M. committees have followed a 
procedure such as this in conducting 
their interlaboratory studies. There is 
no question that a great deal more useful 
information will be obtained from a 
collaborative test program when a pro- 
cedure of this type is followed. 


SuMMARY OF CALCULATIONS FOR ConTROL Limits? 


_ Control Limits for Ranges 
R = dz’; Limits = Dio’ to Doo’: 


Sample 


IZO... 2 3 4 5 7 


Upper Con- 
_— trol Limit/0.019 
0.0056 


G.024 |0.025 |0.026 
0.0103)0 :0116/0.0135 


0 0 Oo. 


0.023 
0.0085 


0 


Lower Con- 
trol Limit} 0 
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Control Limits for Averages 
Limits = ¥’ + Ao’ 


Sample Size...| 2 3 4 5 ra 
Upper Control 
ATO ereteetere « 0.215/0.213/0.212/0.211/0.210 
Lower gonteel:: 
Limit... .|0. 204/10 .204/0.204/0 .204/0.204 


Rrghitis 53 .|0.193]0.195}0.196/0.197|0.198 


2. Interlaboratory Study of Iodine Method 
for Standardization of Sodium Thio- 
sulfate solutions: 

From Table II, 
= grand average 


x= 10,000 + 0.1240 = 0.12500 
_ equivalents per liter 

Bi R_ 0.0077 
d, 33 X 1.693 


= 1.38 X 10~4 equivalents per liter 


Control Limits for Ranges of Three Tests 
Made on the Same Day 


Limits = 0 to Doo’ = 0 to (4.358 X 
1.38 < 1074) 
= 0 to 6.0 X 10~* equivalents 


per liter 


Control Limits for Averages of Three Tests 
Made on the Same Day 
Limits =X. = Az’ = 0.12500 = 
(1.732 X 1.388 X 10~*) 
= 0.12476 to 0.12524 equivalents 
per liter 


Comparative Tests in a Single Laboratory 


Control Limits for Averages of Nine Tests 
Made on the Same Day 
Limits = X¥ + Ao’ = 0.12500 + (1.000 
S< lai} x 
10-*) 
= 0.12486 to 0.12514 equivalents 
per liter 


Control Limits, for Averages of Nine Tests 
Made in One Laboratory with Three Indi- 
vidual Tests Made on Each of Three 
Different Days 
= estimated standard deviation 
within days 
Sap = estimated standard deviation 
among days 
Sz, = estimated standard deviation 
of laboratory averages (3 
individual tests made on 
each of 3 days) 


Let Swo 


Using mean square values from Table III, 
Swo? + 3 Sap? = 4.58 X 1078 

Swo? = 2.50 X 107 

Sap? = 4.58 — 2.50 X 107 = 


0.69 X 10-8 
Limits = ¥ + 3S, = X + 


s| Sz 4, Sa? |" _ 0.19500 + 
3 3 


(3.1 1074) 


By W. J. Youden’ 


SYNOPSIS 


It is a fact of experience that a set of measurements made by different 
operators, at different times or in different localities is subject to greater 
variation than a set of measurements made by one operator using the same 
apparatus on the same day. The data from an experiment with thermome- 
ters have been used to show that even as simple an operation as reading a 
linear scale cannot be duplicated nearly as well after a time lapse as on the 
same day. The paper emphasizes the necessity of including in the error of 
the test all sources of variation which in fact operate on the measurements 
and shows how a change in the design of the test may reduce the error. 


A say that two or 
more test results are in accord is to say 
that the observed differences among 
the test results are in keeping with the 
recognized errors of measurement asso- 
ciated with the test procedure. The 
problem, therefore, becomes one of 
discovering for each test procedure its 
appropriate error. It is just here that 
much confusion arises. Experimental 
studies of a test procedure often show 
that two results by different operators 
on the same material do not agree as 


NOTE.—DISCUSSION OF THIS PAPER IS 
INVITED, either for publication or for the at- 
tention of the author. Address all communica- 
tions to A.S.T.M. Headquarters, 1916 Race St., 
Philadelphia 3, Pa. 


1 Presented at a joint meeting of the American 
Society for Testing Materials and the American 
Statistical Association, New York, N.Y., De- 
cember 28, 1949. 
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well as duplicate results by either 
operator. Similarly tests on different 
days by the same operator do not agree 
as well as his results on any one day. 
There is much talk about operator ef- 
fects, day-to-day effects, and labora- 
tory effects (for interlaboratory tests). 
Statistical techniques are brought into 
the picture to isolate the various ‘‘com- 
ponents of error,” and these soberly 
confirm that, for the same material, 
a collection of test results from several 
laboratories is more dispersed than a 
similar set from a single laboratory. 
This is not to deny the usefulness of 
statistical analysis as a means of ap- 
praising quantitatively the various 
contributions to the error that arise 
from operator, equipment, time, and 
locality. Statistics can locate and ap- 
praise sources of error; they cannot 
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= 0.12469 to 0.12531 equiy- 
alents per li 
List or SYMBOLS 
X = variable magnitude in a series ¢ 
observations; 
R = the range, the difference betwee 
the largest and smallest a 
served values in a sample 
group; | 
the bar (~) notation is used ¢ 
signify the mean or averag 
value of a set of X values or | 
values; 


X, k= 


X', o’ = the prime (’) notation is use: 
to signify the objective or stana 
ard value of average and stand 
ard deviation as distinct froy 
the observed sample values; 


X = the grand average of a group } 
sample averages; 


d, = a constant, which varies with : 
that relates o’ to F of the distx 
bution of R for samples of n ol 
servations each; that is, R 
doo " . 

A, D,, Dz = constants, from Table I, | 
50 of A.S.T.M. Manual on Pre 
entation of Data, which are us¢ 
to compute 3c control limits fi 
averages and ranges of samp 
of size n. 


remove them. Some people may ha* 
been led to expect that elaborate st 
tistical calculations will remove errc 
from the test results. This will happ« 
only if, as a result of the statistical a: 
alysis of experimental results, the te 
procedure is modified and improved. 


PRECISION OF COMPARATIVE TESTS! 


What is the appropriate error for 
test procedure? The answer is given |i 
an important principle which will 
recognized by every experimentalis| 
This principle states that in appraisi# 
an observed difference in test results # 
two different materials the appropria’ 
error is found by comparing tests | 
homogeneous material tested under 1\ 
same diversity and extremes of testiil 
conditions that were involved in obtai 
ing the test results on the materiy 
under comparison. There is no way) 
get around this principle. It is a funa@ 
mental precept in the proper interp’ 
tation of test results. This is the re) 
son it is often arranged, for unusua) 
important comparisons, that all the te! 
are conducted by one operator using, K 
possible, the same equipment on t 
same day. It is a fact of experier: 
that this enhances the precision of (| 
comparison. In the face of this expe: 
ence it is unreasonable to expect that! 


— = 
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‘TABLE I.—DIFFERENCE BETWEEN DU- 


|PLICATE READINGS OF CLINICAL THER- 
| MOMETERS (READER A). 

J de . 

t Cae Frequency Per cent 
7) 0.00....... 254 39.2 
Memo-Ol....... 218 33.6 
mm. 02.0.5... 119 18.4 
mp.03....... 31 4.8 
me. 04.0 .4..5 17 2.6 
OD. . 5 ose a i tog 
UR as 2 0.3 

Total 648 100.0 


; ¢ Average difference in readings, 0.0102 F. 
I 
§will be possible to specify a test pro- 
cedure in such minute detail that the 
esults from different laboratories or 
even from the same operator at differ- 
ent times will have as small an error as 
results from the same operator on the 
same day. 
| Naturally it is desirable to explore 
the situation. Perhaps controlling the 
fitemperature and humidity, screening 
the operators, and more exact speci- 
‘fication of the way the test is conducted, 
will reduce the dispersion of the results 
jobtained. There is a limiting goal and 
jit will rarely be reached because it is so 
‘difficult to maintain or reproduce at 
Tdifferent places and times the same 
Yenvironmental conditions, reagents, 
equipment, and operators. All these 
factors are briefly constant for a given 
Hplace and time, and so two tests con- 
jducted close together are subject to the 
fsame influences and the difference be- 
‘tween the tests is immune to many of 
the sources of errors which plague com- 
Tparisons of tests from different opera- 
‘tors or laboratories. 
| It is not hard to find examples to illus- 
Htrate the point that there is no one ex- 
Tperimental error which applies in all the 
conditions under which a test method 
may be used. Consider the calori- 
‘metric determination of the heat of 
solution of a cement. A mix is pre- 
pared from a cement and several test 
specimens poured into vials. At in- 
tervals, usually one and three weeks, 
lealorimetric determinations are made 
upon the cement specimens. In judging 
iwhether two cements have different 
iheats of solution it is obvious that a mix 
yhas to be prepared for each cement. 
It is patently unfair to use, as a yard- 
‘stick to judge any observed difference 
.between two cements, the agreement 
found between duplicate vials of the 
_" mix. The agreement between 
Ht 


TABLE II.—COMPARISON OF THERMOM- 
ETER READINGS* BY READERS A AND 
B, MARCH 3. 


1st set 2nd set 3rd set 


A B A B A B 


1 0.048/0.023/0.072/0.044/0.046/0.030 
> 0.093]/0.044/0.044/0.032/0.061/0.032 
ee 0.041|0.016/0.072/0.037/0.024/0.011 
4 0.084|0.040/0.047|0.023|0 .060|0.041 


2 Deg. Fahr. above 106. 
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different mixes prepared from the same 
cement must be used. Say what you 
like about specifying the conditions of 
mixing, it seems unreasonable to expect 
two vials from different mixes to be as 
much alike as two vials poured from one 
mix. On the other hand, a study of the 
effect of time on the heat of solution can 
be carried out using just one mix, and 
therefore errors arising from the diffi- 
culties in reproducing the mix do not 
enter into such comparisons. 

It is generally recognized that good 
test methods are characterized by the 
precise description of conditions and 
techniques which, by the exercise of due 
care, can be adequately reproduced by 
the testing agency. It may seem to 
some that a test method which fails to 
yield results from different laboratories 
(or at different times in the same labora- 
tory) which are as accurately compa- 
rable as consecutive results by one test 
operator is, in some way, deficient; 


0.10 
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than reading a linear, uniformly divided 
scale. A clinical thermometer is an 
example. These thermometers have the 
advantage that, due to their construc- 
tion, the mercury column remains in 
place. The reading of the thermome- 
ters is facilitated by mounting them in 
sets of 18 on a cylindrical holder which 
can be rotated to bring each thermome- 
ter under a magnifying glass. The op- 
erator reads each in turn, calling off the 
result to a recorder. After going once 
around the holder, a second circuit is 
made calling off a second reading for 
each thermometer. The scale divisions 
are two tenths of a degree and the read- 
ings are called off to hundredths of a 
degree, 7.e., to one twentieth of a divi- 
sion. As an indication of how expert 
these operators become, Table I shows 
that the average difference between the 
two readings for a thermometer is just 
about 0.01 degree. This is almost cer- 
tainly a genuine skill since it is hardly 


28 JUN. 


I9 APR. 


DATE OF MEASUREMENT 
Fig. 1—Change in Thermometer Readings with Time. 


Average readings at six dates for each of three sets of 72 thermometers when immersed in a bath at 
106 F. Two readers read every thermometer each time. The averages plotted include the readings by 
both readers. The three curves show closely parallel results for the three sets of 72 thermometers. 


that what is really needed is more work 
on the test method and its description. 
There is no gainsaying that a great 
many test procedures would be im- 
proved with further study. On the 
other hand, as the next example will 
show, there is good reason to believe 
that even the most simple test procedure 
imaginable cannot be made immune 
from certain operator and time effects. 
In that event, whenever comparisons in- 
volve different operators and times 
these effects must be included in the 
error that is used to judge these com- 
parisons. 


PRECISION OF SCALE READINGS 


It is difficult to think of a practical 
test operation that is less complicated 
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likely that a given thermometer reading 
will be recalled after reading 17 others 
in between. In spite of this excellent 
agreement between readings taken 
within a few minutes, the following ex- 
periment shows that the agreement is 
much less satisfactory when the read- 
ings are taken over an interval of weeks. 


CoMPARATIVE TEST ON THEMOMETERS 


It is common practice to allow ther- 
mometers to age for several months be- 
fore placing the scale upon the stems. 
This allows time for any volume changes 
to take place after fusion of the stem to 
the bulb. A method of aging was de- 
vised and it was the purpose of the ex- 
periment to engrave the thermometers 
immediately after the aging treatment 
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and then take readings over a period of 
several months to determine whether 
the aging was successful. The full ex- 
periment was made on over a thousand 
thermometers divided among three styles 
of bulbs. Only one type will be con- 
sidered in this discussion. Twelve 
holders were loaded, each with 18 ther- 
mometers which remained in the hold- 
ers for the duration of the experiment. 
The testing bath accommodated four 
holders so that four holders (72 ther- 
mometers) were raised to the test tem- 
perature at the same time. The sets of 
holders were kept together so that three 
raises were necessary to raise all twelve 
holders. As soon as a set of four hold- 
ers were raised to temperature all 72 
thermometers were read twice (as de- 
scribed above) by the same reader. 
The thermometers were then shaken 
down, raised again, and read twice by 
another reader. The bath was brought 
to the test temperature each time as 
closely as could be determined by read- 
ing a standard thermometer. It is 
interesting that the average of the read- 
ings for the 72 thermometers should also 
show how closely the test temperature 
was repeated. This is true because, if 
single thermometers can be read to one 
‘hundredth of a degree, the average of 
72 thermometers is known to a small 
fraction of a hundredth of a degree. 
Whenever the bath temperature is 
exactly reproduced the averages for the 
same 72 thermometers should agree to 
a fraction of a hundredth of a degree. 
The averages for the two raises for 
a given set of thermometers differed a 
good deal more than this. Due to the 
use of different readers it is at first im- 
possible to tell whether this was due to a 
difference between readers or because 
the bath was not brought to the same 
temperature each time. (A third per- 
son was responsible for setting the bath 
temperature.) By observing the per- 
formance of all three sets at any one 
time (Table IT) it was evident that one 
reader read consistently higher than the 
other. It is not tenable that, in setting 
the bath temperature, one reader always 
drew the high settings and the other the 
low settings. The initial readings were 
taken immediately after the thermom- 
eters had been engraved. The whole 
sequence of operations, using the same 
personnel and the same test tempera- 
tures, was repeated five times over an 
interval of six months. It was the pur- 
pose of the experiment to determine how 
much the readings of thermometers 
changed over this interval and to ascer- 
tain the accuracy with which this change 
is known. 


ReEsutts or Tests 


This is not the place to report in de- 
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THERMOMETER READI 
G2 O26 
Deo e © 
oO — ine) 


2 DEC. 2O0DEC. I7 JAN. 


between readers at different dates. 


tail upon some of the interesting features 
of this experiment. The immediate 
concern is to examine the results. These 
are first shown in Fig. 1. The points 
plotted are the average values for each 
set of 72 thermometers at each time 
period. Each average rests upon 288 
readings; 144 by each reader. Since 
the three sets of 72 thermometers were 
raised separately and each was main- 
tained as a unit, the three sets might be 
considered as three separate experi- 
ments. True, the sets were not ini- 
tially quite alike and differed slightly in 
their initial averages. This is of no 
consequence since it is the change that is 
to be measured and if the curves closely 
parallel each other it may be concluded 
that the sets confirm each other in the 
amount of change. This, indeed, ap- 
pears to be the case, and the three incre- 
ments over the total time period are in 
very.good agreement. 

Unfortunately the case is not nearly 
as good as it appears to be in this pres- 
entation of the data. There is another 
way of regarding the results. The three 
sets may be lumped together using the 
readings taken by just one of the read- 
ers. The readings taken by the other 
reader may be considered a second ex- 
periment. It is immaterial that the 
same thermometers were used, because 
a completely independent set of opera- 
tions, that is, bath settings, were made 
for each reader. Since both readers 
used the same 216 thermometers, any 
discrepancy between the results ob- 
tained by the two readers cannot be due 
to different samples but must be ascribed 
to the testing and reading techniques. 
This point of view replaces the three 
curves for the three sets of 72 thermom- 
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3 MAR. 
DATE OF MEASUREMENT 
Fig. 2.—Change in Thermometer Readings with Time. 


Average readings obtained by Reader A for 216 thermometers and for Reader B on the same ther-3 
mometers. These are the same data used for Fig. 1. 


READER B 
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They have been regrouped to show the contrast 


eters with two curves, one for eack 
reader. The two curves refer to the! 
same 216 thermometers so there can bé 
no displacement due to different sets oi¢ 
thermometers. Differences between thd 
curves must be charged to the test pro- 
cedure. | 

The two curves are shown in Fig. 2) 
They create a very different impressior 
from the three curves in Fig. 1. N. 
longer are the curves parallel. Instea: 
they cross and recross, and the change in) 
the readings of the thermometers from 
the initial readings at the beginning o; 
the experiment is obviously a good deal 
more uncertain. While the average 
of these two curves for readers will be 
identical with the average of the threw 
curves for sets, it is plain that the avery 
age at each time is based on two points! 
one for each reader, that vary erratically 
by comparison with the three points fo 
the three sets of 72 thermometers. 


INTERPRETATION OF Trust RESULTS 


No one looking at these two curves 
will feel as certain as before of thd 
amount of change in these thermom/ 
eters. Remember that the purpose 0} 
the experiment is to measure a chang¢/ 
in reading over a long period of time 
For this purpose the experiment is com! 
pletely at the mercy of the ability of : 
reader to read the thermometers in thi) 
same way after a lapse of six months 
This ability is entirely different from th) 
skill displayed on a given day to reat 
thermometers the same way. Thi! 
latter skill is demonstrated, first, by thi 
close concordance of the duplicate read, 
ings for each raise (the mercury doe) 
not change position in between readings: 
and, second, by the fact that on a give 
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ay one reader holds a bias over the 
ther reader (for all 12 holders) in spite 
+f possible small differences in the bath 
yemperatures. The only light thrown 
‘jn the ability of a reader to read the 
same after considerable intervals of 
time is furnished by the six differences 
between the averages for the two read- 
‘rs—one difference for each of the six 
fates on which measurements were 
joade. These six differences will re- 
P eal whether or not there is a constant 
4 jas between readers. The curves (Fig. 
}}) show that, from time to time, the 
Headers reverse their relation to each 
pther. This could be accounted for by 
}ssuming one reader to be unvarying in 
is bias and the other reader to be er- 
fatic. It is more plausible to regard 
oth readers as varying in bias from time 
jo time. Therefore the real change in 
‘the readings over the time interval is 


1 


yeader may be different at the end of the 
ime interval from what it was at the 
peginning. The appropriate error for 
‘uppraising any observed change in the 
Averages for two different times must 
ake account of this tendency of a reader 
fo change. The statistical estimation 
bf the error is made from the six differ- 
‘ences between the readers for the six 
‘available dates. 

# At this point it is pertinent to inquire 
why, on very much more complex opera- 
sions than reading a scale, one should 
expect to reduce the errors of compari- 
sons involving different times and op- 
sxrators to that attained under the ideal 
‘onditions of within operator, within 
day comparisons. The contrast in the 
swo accuracies will probably always 
emain in spite of much effort to reduce 
t. _ What is required, and what is too 
Soften ignored, is a clear facing of actual 
jerrors that exist in practical compari- 


Mr. W. C. Eis? (by letter) —We are 
jusing a testing method almost identical 
to that described by Mr. Arthur in work 
or the Air Materiel Command on tropi- 
lealization of communications equip- 
‘ment. Our objective is to find a coat- 
ing that will “protect” the insulation- 
resistance properties of moisture-absorp- 
tive materials (for example, XX or XP 
grade bakelite) during several years of 
use or storage in tropical areas. 

| We are limited in our search to coat- 
ings which are comparatively trans- 
parent and which do not require an ap- 
plication temperature above 100 to 


1 Marion A. Arthur, ‘Electrical Method for 
‘Evaluation of Protective Coatings as Moisture 
Barriers,’ ASTM Buuietin, No. 160, Septem- 
ber, 1949, p. 57(TP155). , 

2 Assistant Supervisor, Chemical Research, Bat- 
telle Memorial Institute, Columbus, Ohio. 
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sons which of necessity usually involve 
errors attendant on the use of different 
operators or on the same operator at 
different times. 

Y There may be some curiosity regard- 
ing the closely parallel curves for the 
three sets shown in Fig. 1. Recall that 
the points for each set are plotted from 
averages computed from the readings of 
both operators. Consequently each 
point is subject to the same influences 
and they move in unison. If it were 
of any interest, the experiment has 
managed thereby to establish differences 
between the averages for the three sets 
even though these are small by com- 
parison with the indicated change in the 
thermometers over the six months. 
For the comparison of sets, the reader 
error associated with different times does 
not enter. The sets are compared on 
the same day and read by both readers 
so that any difference between readers 
is not involved. The accuracy of the 
comparison of sets is therefore very 
much greater than that of different 
times. 


IMPROVEMENT oF Trst Mrersops 


This state of affairs suggests an al- 
ternative way of doing the experiment. 
If a supply of aged and stable ther- 
mometers is available, one of the holders 
in each raise should be loaded with these 
stable thermometers. To detect a 
change with time it is merely necessary 
to compare the test thermometers with 
the stable thermometers at each time. 
If it can be assumed that the aged ther- 
mometers do not change, then the 
change in the difference between aged 
and test thermometers over the time 
interval will reveal the change in the 
test thermometers. Not only will this 
device eliminate the reader-time con- 
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Moisture Barriers’ 


125 C. Therefore, Mr. Arthur’s coat- 
ing No. 4 (phenolic paint and lacquer, 
air dry) is extremely interesting to us, 
and we would appreciate more infor- 
mation about the composition of this 
coating, its manufacturer, etc. If his 
film-thickness measurement is correct 
(2.5 mils), this coating is far superior to 
any that we have yet tested. We pre- 
sume that the data given in the article 
are for specimens exposed continuously 
to 99 per cent relative humidity, 95 ike, 
and that those coated with No, 4 had an 
average insulation resistance of 16,000 
megohms after five weeks of such expo- 
sure. 

Mr. Arthur’s data tend to support our 
contention that our problem cannot be 
completely solved except by use of com- 
paratively thick coatings. 
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tribution to error, but it is now unim- 
portant to try to set the bath exactly 
for each raise. Aged and test ther- 
mometers share each raise and if the 
raise be high or low it does not matter, 
as the difference between aged and test 
thermometers is unaffected thereby. 
Thus another source of error will be 
eliminated from the experiment. 

In any event it is indispensable to 
examine an experiment carefully and 
determine what sources of error are in- 
volved in the experimental contrast 
under consideration. A valid inter- 
pretation then depends on making 
sure that these same sources of error are 
included in the estimate used for ap- 
praising the experimental contrast. 
Figure 1 is definitely misleading because 
it conceals the error arising from varying 
reader bias. Errors computed from the 
triplicate points for each date would 
underestimate the real error appropriate 
for comparing readings taken at differ- 
ent dates. Figure 2 fairly represents 
the extent of information available for 
passing judgment upon the observed 
change in readings over the duration of 
the experiment. The duplicate readings 
at each date should be used to compute 
the error to be attached to the average 
for each date. 

There are a number of statistical 
techniques coming more and more into 
use to assist the experimentalist in the 
isolation and evaluation of various 
components in the error of an experi- 
ment. No attempt has been made to 
expound these techniques. Of them- 
selves they will not reduce the errors of 
an experimental comparison. These 
errors are, in the last analysis, reduced 
by the ingenious devising of experiments 
which take as their first principle the 
inclusion of means of estimating the real 
errors appropriate for the work in hand. 


Discussion of Paper on Electrical Method for Evaluation of Protective Coatings as 


The type of testing method used by 
Mr. Arthur should become a valuable 
tool in the technology of protective coat- 
ings. It is generally agreed that many 
coating material failures are due to pene- 
tration of the films by moisture. This 
method provides an easy way to detect 
undesirable properties or tendencies in 
this direction. It should be emphasized 
that the procedure may be used as a way 
of evaluating the effects of all types of 


-service conditions on protective coatings 


applied to many types of substrates. 
Usually, any serious deterioration of a 
film will be reflected by an increase in its 
over-all permeability to moisture. 

The type of exposure test medium 
used is relatively unimportant. How- 
ever, use of a highly humid atmosphere 
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(similar to Mr. Arthur’s hotbox) will 
enable the results to be obtained most 
rapidly (within a few days, rather than 
3 to 5 weeks). We would be inclined to 
distrust a procedure involving immer- 
sion, especially in a solution of an elec- 
trolyte, because of the possibility of oc- 
casional anomalous results due to sur- 
face conductivity, etc. 

Our work has shown that, using a test 
similar to Mr. Arthur’s, the rating of a 
coating material is a function of the 
moisture absorptivity of the substrate. 
If a relatively nonabsorptive substrate 
is used (for example, lucite or polysty- 
rene, compared with XX or XP bake- 
lite), most films will appear to be im- 
permeable. This merely indicates that 
the ‘body of the film does not provide 
a significant longitudinal path for elec- 
trical conductance. 

We have also found that cycling of the 
exposure conditions, per se, does not 
seem to cause the permeability of a film 
to increase. However, the initial period 
of exposure to moisture does cause an 
increase that is not reversed, except by 
subsequent baking, etc. 

It was interesting to note the correla- 
tion between moisture permeability of 
several films and the protection against 
rusting of black iron given by those 
same films. However, we would hesitate 
to conclude that moisture permeability 
is always the main factor involved in 
protection of a nonabsorptive, metallic 
substrate. A more thorough investiga- 
tion of this matter would be valuable. 
Of course, this does not detract from the 
wide applicability of Mr. Arthur’s elec- 
trical testing method. 

Mr. M. A. ArrHur (author) —Our 
coating No. 4, phenolic paint plus 
lacquer, is a single dipcoat of Rust- 
ban No. 270 followed by a single 
dipcoat of Roxyn 11C. The latter was 
originally made by Roxalin Flexible 
Finishes, Inc., Elizabeth, N. J. They 
have been taken over by Interchemical 
Corp. Rustban 270 is a product of 
Humble Oil and Refining Company. 
Its properties are as follows: 


Color and finish... Flat reddish brown 


Vehicle type...... Phenolic resin-tung oil 
Pigment..........Zine chromate 
DOlWenby 544 aac cds Aromatic petroleum 
Flash point....... 107 


Weight per gal... .12.25 lb. 
Stormer viscosity. .24 sec. 


Coverage 300 sq. ft. per gal. 
Drying time...... 4 hr. 

UAVS onleeelwan Humble Thinner 680 
Application.......Spray or brush 
iPackagesen, haa: 1 gal. or 5 gal. 


We use No. 270 regularly wherever 
the thicker wax coatings are objection- 
able, due either to thickness, heat resist- 
ance, or appearance. Roxyn lacquer is 
no longer in use here, principally because 
it offers very little protection alone. 
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After 5 weeks, test strips coated with 
Roxyn 11C were down to 70 megohms. 
Incidentally, strips coated with No. 4 
and No. 6 had resistances of 11,300 meg- 
ohms and 3100 megohms, respectively, 
after 8 weeks. 

These figures are all for the alternate 
immersion method, as were those in the 
published table. A brief comparison 
with data taken at 99 per cent relative 
humidity and 95 F. shows an accelera- 
tion of about 7 to 10 timesas fast for these 
continuous high-humidity exposures. 

When comparatively transparent 
coatings are specified, the field becomes 
very narrow. Roxyn 11C was one. 
Coating No. 9, or Rustban 670, is a 
clear varnish and we have used it on 
electrical parts not requiring unusual 
protection and where transparency was 
needed. There is a new clear electrical 
insulating compound now under test 
here, made by Minnesota Mining and 
Manufacturing Company, called 
Scotchweld 79 which requires a 2-hr. 
cure at 235 F. 

Mr. E. G. Brink? (by letter) —More 
detailed information on this test pro- 
cedure including, if possible, sketches of 
the electrical circuit and the method by 
which the lugs were mounted in the 
plastic specimens would be of interest. 

The data published do not give a 
breakdown of the values obtained under 
the three sets of test conditions; and for 
the one-, two-, and three-coat systems. 

What are the relationships between 
changes in resistances where equal film 
thicknesses are employed? This does 
not seem to be shown in the tabulation. 

What method was used for determin- 
ing whether or not there were any dis- 
continuities in the films as originally 
applied? 

The paper states that ‘‘the failure to 
protect is the all-important criterion in 
coating our metallic and _ electrical 
parts.” It seems to us that in the tests 
conducted no consideration is given 


to the part that inhibitive pigments and _ 


adhesion play in the over-all protection 
afforded a metal surface. 

Mr. ArtHur.—TI shall attempt to 
answer the points raised by Mr. Brink: 

Electrical Circwit—There are only 
two items involved—the test strip and 
the test meter. Resistance is read di- 
rectly on the meter by clipping to the 
lugs on the strip. Our meter was the 
Megohm Bridge made by the General 
Radio Co., Cambridge, Mass. Other 
sources are Leeds & Northrup Co., 
Philadelphia, or the Shallcross Manu- 
facturing Co., Collingdale, Pa. 

Test Strip Connections—These are 
silver-plated “turret lugs” used through- 
out many electronic devices. They are 


3 Corporation Engineering Testing Dept. 
American Viscose Corp., Marcus Hook, Pa. 
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made by Cambridge Thermionic Co,, 
Cambridge, Mass., and also by U. §, 
Engineering Co., Glendale, Calif. Each 
cylindrical lug runs completely through 
the test panel or strip and is fastened by } 
rivet action on one end with a small 
flange at the other. The “turret’’ por- 
tion is part of the flanged end and stands 
out from the test strip a distance of ¢ j 
in. The usual diameters are ;/g in. and | 
$+ in. 

Test Conditions —Preliminary data : 
taken to establish optimum test con- - 
ditions were completed over three years § 
ago, and this was done for only a few of | 
the more than thirty-five coatings 
tested. It was soon’ evident that a¢ 
simple repeatable system was to use 
total immersion in 5 per cent NaCl 
solution with only one coat applied. || 
Still available from rather voluminous { 
data are some resistance figures (X 10° }j 
ohms): 


Sus- 


Alter- Humid- | pended 

nate ity Over |} 

Coat- | immer- Hot Solu- | Time, }/ 

ing sion Box tion weeks § 
No. 17 Sot 0.17 AF 1 
No. 18 9.0 0.25 oe 1 
No. 10 92.0 aes 6.3 1 
No. 25 Dai k coe 1.6 1 


Number of Coats.—The resistance of ) 
the continuous coatings changed so uni- | 
formly with the number of coats that for | 
our purposes of rating the various ma- 
terials the one-coat readings were sufhi- | 
cient. For example (in ohms xX 10%):: 


Coat- ‘ime, 

ing 1 Coat | 2 Coats | 3 Coats | weeks 
No. 17.. 3.1 9.6 23.0 1 
No. 18 9.0 19.3 28.0 1 


As indicated in the section above, the: 
thicker the material the better it is as a: 
water barrier. And, of course, our top 
two choices were over 20 mils. I do not) 
know what the exact inhibitive mecha-¥ 
nism might be within any pair of cone | 
of equal film thickness which give differ- 
ent resistances. 

Discontinuities—Two checks were? 
available for disclosing discontinuities, : 
which were numerous in some of the low-/ 
ranked coatings. First, three or more’ 
identical strips were always run, and if! 
any strip differed from the others by) 
more than three to one it was suspected.! 
Second, an uncoated control strip (No. 
16) was always in use and all suspicious 
cases within one to two additional weeks: 
approached the resistance of the controk 
strip. 

Pigments and Adhesion.—Since wel 
were looking for dipcoats only for use as 
water barriers, we made no direct tests of 
pigments or adhesion at the time 
However, later on we did make an “edg 
leakage”’ test for adhesion of the top two 
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datings. The coated test strips were 
xposed to the salt solution 1 in. from 
e turret lugs. This was far enough 
om the lugs so that moisture would not 
snetrate for several weeks through the 
akelite strip itself, but if there was poor 
Ahesion between the coating and strip 
ifast drop in resistance could be ex- 
ected. For these particular coatings 
he adhesion was good. 

} As for pigments, their value can be 
hown indirectly by the fact that the top 
ree of the so-called “thin” coatings, 
jos. 4, 6, and 7 in the table, were all 
‘gm ented. 

1Mr. C. Y. Hopkins‘ (by letter).— 
ur laboratories are at present develop- 
ig tests for evaluating insulating var- 
shes. We should like to try this test 
‘id would appreciate further details of 
he test method. The information that 
ould aid greatly concerns the design 


1 4 Protective Coatings Section, Division of 
ety. National Research Council, Ottawa, 
jinada. 


nal ignition of fire. 


those of an actual fire. 


protection. 


))TE.—DISCUSSION OF THIS PAPER Is 
| VITED, either for publication or for the’ at- 
iition of the author. Address all communica- 
1 A.S.T.M. Headquarters, 1916 Race St., 
tome es ted at the Session on 
i is paper was presented a 5 

> int held at the First Pacific Area National Meet- 
‘of the Society, San Francisco, Calif., October 
+14, 1949. j 

|)! Lockheed Aircraft Corp., Burbank, Calif. 


of the bakelite specimen, the method of 
applying the varnish, and the procedure 
In Immersing the specimen in water and 
subsequent drying and testing. 

Mr. Arruur.—tThe specific details 


asked for by Mr. Hopkins are as follows: 


Design of Bakelite Specimen.—All test 
strips were of 7'g-in. XX paper bakelite 
cutto5by in. Asmall notch was cut in 
one end for ease of hanging in test solu- 
tions. The other end was fitted with 
two pairs of silver-plated turret lugs. 
These pairs were 1 and 2 in., respec- 
tively, from the bottom end of each 
strip and the lugs of each pair were 335 
in. apart (or 3 in. from each edge). 
The extra pair of lugs was useful as a 
double check or for special tests, but is 
no longer considered necessary. 

» Method of Application —aAll coatings 
were dipped. Drying or baking was 
done according to each manufacturer’s 
recommendations. It is important, 
however, that each strip be above 1012 
ohms between lugs before coating. 


>< 


The occurrence of isolated fires in commercial, passenger-carrying air- 
craft has focused considerable attention upon the fire risks involved in the 
use of combustible materials, the arrangement of functional equipment and 
accessories, and the effectiveness of fireproof finishes and coatings. 
tion to other studies concerning the elimination of fire hazard through care- 
ful survey of the electrical and other functional systems, studies have been 
made concerning the improvement of the ignition resistance of materials 
and the subsequent propagation of fire. 
result of propagation by materials which were not responsible for the origi- 
An intensive effort has been made to reduce this fire 
hazard by the development and application of protective coatings and fin- 
ishes to vulnerable and combustible materials. 
need for, and development of, a testing apparatus by which a realistic com- 
parison could be made of combustible materials under conditions simulating 


In addi- 


Serious fires have developed as a 


This work led to the obvious 


A refractory coating material has been developed which is considered to 
provide satisfactory fire protection for certain critical aircraft components. 
However, the excessive weight and difficulties incurred in its application 
indicate need for further development of materials which offer relatively 
complete fire protection. Paint type coatings have been produced which 
puff when subjected to heat and fire, and form an insulating foam. The 
protection afforded by these coatings under conditions of an actual fire is 
only marginal for aircraft applications. 1 : 
need for improvement in film characteristics than for improvement in fire 


The test results indicate greater 


A testing apparatus has been developed which was built to permit evalu- 
ation of combustible materials and fire-resistant coatings under conditions 
which approximate those incurred in an actual fire. pro 
vides for the preheating of specimens at elevated temperatures before igni- 
tion, thereby, permitting more thorough study of conditions of fire damage. 


The apparatus pro- 


es postwar efforts of air- 
frame manufacturers have been directed 
increasingly to the problem of producing 
commercial aircraft of increased safety 
Consideration of airplane safety from 
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This can easily be done by drying all 
strips overnight at 150 F. before coating. 

Immersion System.—It was found that 
several hours’ drying after immersion 
was desirable in order to avoid interfer- 
ence by surface moisture. Our labora- 
tory is kept between 50 and 60 per cent 
relative humidity which gives us a uni- 
form drying rate. Twenty-four hours 
was found to be satisfactory for repeat- 
ability of results. Recommended prac- 
tice, therefore, is now a 24-hr. immer- 
sion, a 24-hr. drying period, then a read- 
ing, for the first week. Thereafter, 1- 
week immersion, 24 hr. drying, then a 
weekly reading, should be sufficient. 
We have checked 32 coatings so far and 
found most of them well deteriorated in 
three weeks. All coatings were begin- 
ning to show porosity at eight weeks. 
The depth of immersion is not impor- 
tant. We found that lugs suspended 
76 in. above the NaCl solution showed 
coating deterioration as soon as those 
immersed, 


Fire-Resistant Finishes for Aircraft 
By J. A. Jones® and R. V. Niswander’ 


SYNOPSIS 


the standpoint of fireproofness has re- 
quired continued evaluation of ma- 
terials, equipment, arrangement of ac- 
cessories and the protective finishes 
used in aircraft design. Commercial 
aircraft in contrast to military aircraft 
are designed for passenger comfort, 
utility, and appearance, and are 
equipped with materials and accessories 
that are inherently more susceptible to 
fire hazard. The occurrence of isolated 
aircraft fires and their subsequent propa- 
gation have emphasized the dangers 
associated with the use of more com- 
bustible materials. The aircraft indus- 
try, cooperating with Government agen- 
cies and airline operators, has made de- 
sign modifications to reduce possible 
sources of aircraft fires, paying particu- 
lar attention to operational failure of 
electrical systems and the arrangement 
of other equipment throughout the air- 
plane. However, the total elimination 
of operational hazards is difficult, if not 
impossible, and the recognition of this 
fact requires that all materials be 
evaluated and screened as to their 
basic fire risk. This survey included not 
only structural materials but materials 
used to fulfill functional requirements, as 
well as those used for trim and furnish- 
ings. Several general approaches to the 
problem of reducing this hazard of fire 
have been made, including the elimina- 
tion of excessively combustible ma-. 
terials where possible, the substitution 
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of materials having inherently better 
flame resistance, the protection of vul- 
nerable as well as combustible materials 
with fire-resistant finishes, and the relo- 
cation of functional equipment to less 
hazardous areas. The purpose of this 
paper is a discussion of some phases of 
the work which have been directed to- 
ward the reduction of fire hazards with 
the use of fire-resistant finishes and 
coatings. We shall also discuss the de- 
velopment of a more realistic testing pro- 
cedure for the evaluation of the flame- 
resistant properties of aircraft parts and 
materials. 


DEFINITIONS AND Trest PROCEDURES 


The Civil Aeronautics Administra- 
tion’ has established the currently used 
definitions and test procedures govern- 
ing the evaluation of materials from the 
standpoint of flammability. These 
definitions can be summarized as fol- 
lows: 

“Fireproof” materials or parts are de- 
fined as being capable of withstanding 
fire under most severe conditions. 
Materials are tested by exposure to a 
2000 + 50 F. flame for 15 min. No 
damage to the material or part is per- 
mitted. 

“Fire-resistant”’ materials are defined 
as those materials which, although they 
may be damaged when exposed to flame, 
must perform their intended function. 
The test procedure requires application 
of flame for 30 sec., and any flaming of 
the material must cease within 15 sec. 
after removal of the flame source. 

“Flame-resistant”’ materials are de- 
fined as those which will not support 
flame propagation beyond safe limits. 
Test samples are supported in a draft- 
free area in a horizontal position and 
exposed to direct flame. Materials are 
considered acceptable if they do not 
burn at a rate exceeding 4 in. per min. 

Material that will pass flame-re- 
sistant, and even fire-resistant test re- 
quirements, will burn under conditions 
which are likely to occur in an actual fire. 
Interior trim and furnishing materials, 
which should fall under the category of 
“‘flame-resistant” materials, were sub- 
jected to more rigid tests than those 
specified for this category. The ma- 
terials were flame tested in a vertical 
position rather than a horizontal posi- 
tion, and it was required that the flam- 
ing of the material should cease within 3 
sec. after removal of the flame source. 
Although this work resulted in some re- 
duction of fire hazard, we have recog- 
nized the need for more realistic test 
procedures to permit evaluation of 


3’ Department of Commerce, Civil Aeronautics 
Administration, Safety Regulation Release No. 
259, August 26, 1947 (in connection with the 
definition of the requirements for fire prevention 
of aircraft). 
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materials under conditions that actually 
occur during a fire, and we believe that 
the development of such improved test- 
ing procedures will permit subsequent de- 
velopment of materials which are much 
improved in regard to flame resistance. 


DEVELOPMENT OF FIREPROOF COATINGS 


Early recognition of the danger of a 
fire destroying such parts as oil tanks or 
ventilation ducts indicated necessity for 
the development of a coating to render 
these parts completely fireproof. It is 
desired that parts of this nature not be 
harmed in any way after exposure to 
direct fire for a period as long as 15 min. 
A coating fulfilling these requirements 
should be resistant to actual conditions 
of an airplane fire, to oil or water pene- 
tration, and to possible abrasion. Our 
initial work toward development of this 
type of coating included consideration of 
basic materials such as Buna N adhesive, 
paint inhibited with phosphate salts, 
ceramic adhesives, and refractory modi- 
fied vinyl resins. The shortcomings of 
these materials included lack of ad- 
hesion, insufficient flexibility, tendency 
to absorb hydraulic oil, water solubility, 
and lack of aging stability. 

The investigation indicated that the 
development of a refractory insulating 
shield material similar to putty was 
necessary. The characteristics of this 
putty should include resistance to flame 
temperatures of at least 2000 F. for 15 
min. The material should also adhere 
to metals and wood at normal operating 
temperatures, should be noncombustible 
and noncorrosive, should resist oil 
absorption, should remain intact during 
combustion, and should remain stable 
and free from cracks under conditions of 
airplane vibration and operating air 
temperature variations. Several for- 
mulations for a putty of this nature were 
tested, and a plastic matrix that will 
cure by solvent release at room tempera- 
ture in sections up to # in. thick was 
finally developed. This putty material 
cures to form a hard yet not brittle in- 
sulating shield, has excellent thermal in- 
sulating characteristics, and will with- 
stand a temperature of approximately 
2000 F. Evaluation of the original for- 
mulation of this putty revealed loss in 
basic adhesion to metal at approximately 
200 F., by partial decomposition of a 
vinyl resin incorporated as a binder. 
Subsequent requirements established 
the need for a binder that would retain 
the adhesion of the putty under higher 
operating temperatures. The vinyl 
resin was changed to a Buna N, binder 
which permitted higher operating tem- 
peratures before decomposition. This 
change permits the putty to adhere satis- 
factorily to metal up to 400 F. operating 
temperatures. 
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Top Coat Buna N 
Lacquer 


; Engine Oil 


Fig. 1.—Cross-Section of Fre-l0 
Coating. 
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Inasmuch as this insulation putt, 
loses its basic adhesion to metal at 
F., an application procedure was neede 
to permit effective use of this material 
The procedure developed for applica. 
tion of this material to aircraft struc 
tures is as follows: (1) Clean all surfaces 
with methyl] ethyl ketone and thoroughly) 
dry. (2) Apply a prime coat of Buna 
base lacquer. (8) Apply putty approxix 
mately } in. thick. (4) Wrap part; 
completely with refrasil fiberglass cloth; 
(5) Apply a second coat of putty, using! 
the base material thinned with methyy 
ethyl ketone. (6) Cure the part for ¢} 
days to release all solvents. (7) Apply 
top coat of a Buna N lacquer. A cross4 
section of this coating is shown in Fig. 1 
The formulation of this putty is desigil 
nated FRS-10. The refrasil cloth i 
leeched fiberglass cloth and is used t: 
bind the insulating putty to the par 
after the basic adhesion of the putty # 
lost by the release of the Buna N resi 
binder at temperatures above 400 F, | 

Actual fire tests were conducted on : 
partially filled oil tank to obtain con’ 
plete evaluation of the fire preventici 
benefits. The object of these tests wey 
to compare the fire risk involved in ual 
of a partially filled oil tank without an’ 
putty insulation with a similar tam! 
covered with various thicknesses of th! 
putty insulation, when subjected to 7 
2000 F. fire for 15 min. These condi) 
tions would simulate an uncontrolle) 
fire in flight. In either case, it wii 
impossible to burn through the oil tart 
below the level of the oil. However, ') 
hole was burned through the uncoverely 
tank above the oil level in approximate! A 
$ min., and the center third of the taz! 


min. flame exposure. A 3g in. putii 
coating of the putty insulation was foutl 
to give marginal protection. Sever: 
places on the covered oil tank above t' # 
oil level were burned sufficiently aft} 
15 min. exposure to 2000 F. flame to py" 
mit oil leakage when the tank was tilt? 
A uniform coating of putty } in. ti 

completely protected the partially fill 
oil tank for more than 15 min. Fig 


= 


1 shows the appearance of the insulated 
Jank in the test fixture before the fire 
Figure 3 shows the appearance of 
he tank after exposure to flame for 15 
hin. Note the sooty deposit on the 
il tank after the flame test, due to the 
‘ich flame mixture. 
! The fireproof coating just described 
6 in current use as an insulating putty 
fealant for fire walls, hot air ducts, elec- 
‘tical junction boxes, as well as for oil 
anks. Because of the inherent dis- 
advantages of this insulating putty, it is 
tMmprobable that any extended applica- 
‘on of this material will be made, not- 
stithstanding its excellent fire insulating 
Yharacteristics. These disadvantages 
‘bviously include excessive weight, com- 
Tlexity of application, and loss of adhe- 
on at elevated temperature. In view 
ff these, it is apparent that continued 
fevelopment is required to provide 
fiaterials suitable for the fire protection 
Tf vital components and critical struc- 
aires. 
y EVALUATION oF FrrePROOF PAINTS 


ct 


‘ For less critical applications such as 


(€ 


ood or plywood flooring, partitions and 
‘entilation ducts, a material of lower 
leight than that described above is 
Jesired to reduce fire risk. Paint type 
hatings designed to ‘puff’ and form an 
i isulating shield were tested to evaluate 
the protection afforded to parts during 
Ja actual fire. A fireproof paint which 
Jrovides complete protection during 
‘ve is required by the aircraft industry, 
it contrast to fire-resistant paints as 
‘3ed in other industries. Fire-resistant 
nits are designed only to limit the 
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Fig. 2.—Appearance of Insulated Tank in Test Fixture Before Fire Test No. 1. 
Insulation Thickness 1/, in., 18 gal. of 1120 Engine Oil at 80 F. 


loading operations. (5) The paint 
coating shall have satisfactory aging 
characteristics. 

Three proprietary paint formulations 
were tested for conformance to the above 
requirements. Since only two-part ma- 
terials were available at the time of our 
test program, fire tests were conducted 
on this type. 

The plywood panels used were ?-in., 5- 
ply plywood, 12 in. square. The panels 
were sealed with spar varnish prior to 
application of the fireproof paint. Two 
successive coatings were applied, allow- 
ing 48 hr. drying time between coats. A 
top coat of vinyl resin base lacquer was 
then applied over the fireproof paint to 
increase resistance to water and hydrau- 
lic oil. One inch strips of asbestos mill 
board were used to protect the edges of 
the panels during the fire test, thus pre- 
cluding edge burning. 

The three processed panels were ex- 
posed to a 2000 + 50 F. flame for 15 
min. The fire did not propagate along 
or through the painted surfaces. A 
similar uncoated panel ignited almost 


ae SS 


Fig. 3.—Appearance of Tank After Fire Test No. 1. Note Sooty Deposit on 


Tank Due to Rich Flame. 


spread of the fire, and do not in them- 
selves prevent combustion. The re- 
quirements for a fireproof paint for alr- 
plane usage on wood or plywood are: 
(1) Wood shall not be charred after 
exposure to a 2000 + 50 F. flame. (2) 
The paint shall have good adhesion to 
the base material after exposure to 
water, hydraulic oil, and solvents. (3) 
The paint shall be flexible at Jow or high 
temperatures. (4) The paint shall resist 
vibration as might occur in flight or 
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immediately upon exposure to flame 
and was charred through four of the 
five plies after 73 min. of exposure. 
Figure 4 illustrates a three-quarter view 
of the test panels showing the end cross- 
section and the surface appearance 
after exposure to flame for 15 min. It 
is noted that. the paint type coating 
puffed in all cases, forming an insulating 
blanket for the plywood panel. Figure 
5 shows the cross-section of the same 
test panels at the center of the panel. 
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Fig. 4.—Three-quarter View of Fire Test Panels Showing Outer Cross-Section and Surfaces. 


Manufacturer A. Manufacturer B-Type 1 Manufacturer B-Type 2 


Fig. 5. orcet Section of the Center of Fire Test Panels After Exposure to 2000 F. Flame 


Manufacturer A. Manufacturer B-Type 1 Manufacturer B-Type 2 


Fig. 6.—Cross-Section of the Center of the Unprocessed Control Panel After 7!/. min. 
Exposure to a 2000 F. Flame. 
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Panel one is charred through three plies 
and into the fourth ply. Panel two is 
charred through two and into the third 
ply. Panel three is charred through 
the first and into the second ply. Figure 
6 illustrates the appearance of the 
unprocessed control panel after 73 min. 
exposure to the 2000 F. flame. 

From the standpoint of fire protec- 
tion afforded, this material was con- 
sidered sufficiently acceptable to war: 
rant an experimental application to the 
bottom side of the plywood floor board: 
installed in the airplane. Vibration 
tests were conducted on these floo) 
boards at the frequency and amplitudd 
of vibration occurring in flight. Thi 
floor boards were loaded to simulate 
movement of cargo or passengers in th 
airplane. Paint coatings applied ti 
other floor boards were permitted to a 
for one month under normal conditiong 
and the vibration tests were performei 
on these boards. Hairline cracks dé 
veloped in the aged paint coating, al 
though satisfactory results were in 
cated by vibration tests on the unage 
coating. Loss of adhesion and po 
aging characteristics were apparent fc 
these particular formulations. 

It is desired that this type of pairi 
be modified to overcome these objen 
tions and also to provide greater resisii 
ance to water and hydraulic oil withouw 
need for additional top coating materia: 
None of the formulations tested satii 
fied all the desired properties, but th 
do approach acceptable performance 
All of the materials tested were pr 
pared by mixing two products togeth.! 
to make a paint type coating. Ti 
type of preparation causes difficulty } 
insuring that the proper mix proportio: 
are obtained. Consequently, it is d 
sired that a one package material || 
developed for production applications. ¢ 


( 


DEVELOPMENT OF ELEVATED 
TEMPERATURE TESTING APPARATU! 


Consideration has been given to t.! 
impregnation of fire-resistant cowl 
pounds into some of the materials usil 
for interior trim and fixtures duril 
their manufacture. Although, in ge 
eral, the present materials used confowl! 
to the current test requirements, a 
previous discussion has indicated t/ 
need for more restrictive test prow 
dures for evaluation of the degree ¢. 
flammability of these materials. H 

It was reasoned that materials in t? 
immediate vicinity of a fire become »! 
perheated, and although normally fla‘ 
resistant, may be readily combustil!! 
when the temperature is raised a f? 
hundred degrees. The development ’ 
the elevated temperature apparatus ¥ 
pursued in an effort to explore the cal 
bustion characteristics of trim materi | 
at elevated temperatures. ! 
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Fig. 7.—Current Fire Properties Apparatus. 


HERB Tota! Combustion only glass fabric remaining 


Material No. 3 


Fig. 8.—Comparative Evaluation, Trim Material Vinyl Coated Fiberglas. 


f 
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) The test apparatus was designed to 
fill three basic needs inherent in at- 
‘tempting to evaluate the relative flame 
jresistance of comparable trim materials 
jat elevated temperatures. These con- 
jditions are: (1) A means of raising the 
‘temperature of the sample and the sur- 
rounding air to any desired point. (2) 
‘Instantaneous impingement of a flame 
‘upon the sample after a stabilizing 
period. (3) Visual observation of the 
‘results from the time the sample is in- 
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troduced so that all possible effects can 
be noted, such as preliminary decom- 
position of sample prior to ignition, the 
effects of the ignition flame, and the 
burning characteristics of the materials 
tested. This third requisite was im- 
portant inasmuch as all preliminary 
work was of an exploratory nature, and 
it was quite advantageous to observe 
the course of combustion at all times. 
The development of the apparatus 
served to give indications of those test 
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conditions necessary to insure repro- 
ducible results. 

It is felt that most of the above con- 
ditions have been met satisfactorily in 
our current test equipment. Figure 7 
illustrates the test apparatus. A de- 
scription of the apparatus may be of in- 
terest inasmuch as it can be used to 
evaluate the flame resistance of ma- 
terials as well as the efficiency of fire- 
proof or flame-resistant coatings. It 
consists essentially of a Pyrex combus- 
tion tube 43 mm. in inside diameter, 
with side arms for admitting a thermo- 
couple, a burner for igniting the speci- 
men and a spark arrangement for light- 
ing the burner. Both specimen and 
tube are mounted in a_ horizontal 
position and heated by passing air at 
the desired temperature through the 
assembly. A convenient method of 
heating the air was accomplished by 
passing it first through a stainless steel 
tube inserted in a controlled combustion 
tube furnace and then directly into the 
combustion chamber. This method of 
heating has two distinct advantages. 
First, the equipment can be set in 
operation and good equilibrium can be 
established for a predetermined tem- 
perature prior to the introduction of the 
sample. Second, the constant flow of 
heated air prevents any accumulation of 
combustible gases resulting from pre- 
liminary decomposition of the sample 
prior to ignition. This continuous purg- 
ing of the system not only serves as a 
safety factor but also insures an ade- 
quate and constant supply of fresh air 
for combustion of the sample. 

The igniting burner was constructed 
of glass only because of expediency and 
is of the conventional air internal, gas 
external, jet type. It was designed to 
slip through one of the side arms and de- 
liver a thin, pencil-like flame about 4 
em. long, at an angle of 30 deg. from the 
horizontal. In practice, it was found 
feasible to allow the air supply of the 
burner to remain on so that only 
manipulation of the gas and spark source 
is necessary for ignition of the burner at 
any instant. It is desired that the 
diameter of the flame be less than 1 cm. 
This feature is important from the 
standpoint of the evaluation of surface 
protective coatings in that “edge” 
effects are eliminated. Samples are cut 
to the full inside diameter of the com- 
bustion tube to preclude “‘edge”’ effects. 

Other features have been incorporated 
in the assembly for the sake of conveni- 
ence but are not essential for operation. 
These include a suction trap to remove 
smoke and toxic fumes at the open or 
exhaust end of the combustion chamber. 
A glass inner sleeve is included to reduce 
the need for dismantling the apparatus 
for cleaning. As the need for cleaning 
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25 sec. Flame 


at 100 F. at 150 F. 


20 sec. Flame 20sec. Flame 15sec. Flame 10 sec. Flame 
at 200 F. at 300 


5 sec. Flame 
at 860 F. 


5 sec. Flame 


F. at 400 F. at 500 F. 


Fig. 9.—Results of Fire Tests on Previously Used Phenolic Resins. 


arises, the sleeve is withdrawn and a 
new one inserted. It is believed, also, 
that this feature gives added insulation 
to the main tube, thereby insuring more 
constant temperature over the full 
length of the specimen. This inner 
sleeve also serves to reduce the thermal 
shock to the outside jacket. The tem- 
perature and heat of combustion of some 
materials has been so great that a few 
hours operation resulted in a broken 
jacket, prior to this improvement. 
Present plans call for a duplication of 
the described assembly constructed of 
Vycor glass. 

The optimum velocity of air through 
the assembly had to be established and 
had to fill the requirements of heat 
transfer to the sample and removal of 
any combustible gases, as well as to in- 
sure results that were reproducible. A 
velocity of 0.6 mile per hour was found 
to fill the first two requirements and at 
the same time, variations of +0.2 mile 
per hour did not significantly alter the 
results. The main source of variation, 
in most cases, has originated in the 
material or protective coating. There- 
fore, several determinations must be 
made at any given temperature level 
and ignition time. Repetition of tests 
at one temperature until a reliable re- 
sult is obtained, plus data indicative of 
inherent flame resistance at tempera- 
tures varying in 50 to 100 F. intervals 
from that of the room temperature up 
to 860 F., gives a fairly complete 
analysis of the protection afforded by a 
surface treatment, It is felt that the 
following investigations of two widely 
divergent materials and means of pro- 
tection serve to illustrate the latitude of 
this apparatus. 
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25 sec. Flame 20 sec. Flame 


at 100 F. at 150 F., at 200 F. 


20 sec. Flame 15 sec. Flame 10 sec. Flame 
at 300 F. 


Length of char was essentially the same, 
and above 500 F. no essential improve- 
ment was noted. It was concluded that 
while the basic fire risk was not essen- 
tially improved, the flame-retardant 
qualities and protection afforded by the 
fabric when installed adjacent to other 
more combustible materials was greatly 
improved, since these factors tend to 
localize a fire. 

From the standpoint of test procedure, 
it is felt that while more elaborate and 
detailed than previous test methods, 
this new program gives a more general 
indication of all aspects of the protection 
afforded by a flame-resistant coating. 
The limits of protection from fire risk 
can be found, and, in addition, a more 
firm basis for material usage, with re- 


spect to fire risk, can be established in | 


the design of airplane furnishings. 


The limits of protection of a paper- - 


surfaced plywood, 0.085 in. thick, were 
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5 sec. Flam 
at 860 F. 


5 sec. Flame 


at 400 F. at 500 F. 


Fig. 10.—Results of Fire Tests on Modified Melamine Resins. 


The manufacturer of a coated fiber- 
glass cloth voluntarily suggested a modi- 
fied coating formula and submitted sam- 
ples incorporating the changes. The ac- 
companying bar graph, Fig. 8, illustrates 
the comparative results of the new 
material and that currently in use at 
temperature intervals of 100 F. up to 
and including 800 F. 

It is obvious that at temperatures up 
to 500 F. the new coating material, No. 
2, had improved resistance to contact 
with flame and protected the glass 
cloth from undue damage, whereas, the 
current coating material, No. 3, per- 
mitted damage to the glass cloth to the 
point of definitely weakening the fibers 
and over-all strength of the material. 
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investigated in a similar manner. While 
paper-surfaced plywood is not in the 
true sense a protective coating, the end 
results required and the methods of) 
testing are quite similar. The paper-’ 
surfaced plywood is made by thoroughly)’ 
impregnating the paper with a resin to) 
bond the paper to the surface of the! 
plywood. Previously, a phenolic resin) 
has been used for this purpose. One 
supplier of this product was requested to} 


modify his material by using a more fire-> 
resistant resin such as melamine resin t0) © 


bond the paper to the plywood. Figure 
9 illustrates the results of fire tests on 
the previously used phenolic resin while! 


Fig. 10 illustrates the results of fire? 
tests on the modified melamine resin |) 
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) very large degree, 
® qualities of embrittlement upon aging 
» which were present in most of the coat- 
/ ings evaluated at the time the previously 
» reported tests were made. 


| Comparison of the two materials shows 
{ that at each temperature, the melamine 
/ resin protected the plywood far better 


than did the phenolic resin. At each 


» temperature tested, the plywood was 


charred through the phenolic resin; 


| however, the melamine resin protected 


the plywood when exposed to an igniting 


| flame for the same period of time. In 


order to show that the melamine resin 
was vulnerable on prolonged exposure, 
the panels were tested for excessive 
periods of time. Three or four times as 
severe exposure on the melamine resin 
as those made on the phenolic resin was 
required to obtain the same degree of 


; charring on the plywood. These tests 


show an indication of the additional pro- 


| tection afforded by the use of a more 
fire-resistant melamine resin in bonding 


the paper to the plywood. The con- 
clusions, based on each series, are that 


4 the ability to resist ignition at tempera- 
y tures up to 860 F. has been greatly in- 
» creased by the use of the melamine 


resin. 

In general, it is believed that the 
above examples using the elevated tem- 
perature testing apparatus verify the 


Mr. E. R. Houurncer! (presented in 
written form).—By way of enlargement 
on the section of the paper, presented by 
Messrs. Jones and Niswander, dealing 
with the evaluation of fireproof paints, 
it would probably be in order to review 
the improvements which have been 
realized in this type of coating since the 


« tests already reviewed. 


The paint type coatings now avail- 


| able are in the form of a liquid, one- 


package material which can be either 
sprayed or brushed, and the sensitivity 


, of the dried fire-retardant coating to 


water has been materially decreased. 
When recoated with a suitable organic 
topcoat such as vinyl enamel, the re- 
sistance of water, hydraulic oil, and sol- 


# vents is as satisfactory as most conven- 


tional type finishes. Present-day fire- 


» resistant paint coatings are practically 


urea resin-free, which overcomes, to a 
the undesirable 


A brief résumé of the characteristics 
presented by the present-day one- 
package coating material would show 


» the following characteristics. As men- 
- tioned, the material can be applied 
| either by brush or spray, and two coats 


of the material should be applied to ob- 


1 Technical Director, Los Angeles Laboratory, 
The Sherwin-Williams Co., Los Angeles, Calif. 
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need for the more rigorous and compre- 
hensive tests that can be obtained. In 
addition, the knowledge of the combus- 
tion tendencies at various elevated tem- 
perature levels will materially aid in de- 
sign of airplanes. 


SUMMARY AND CoNncLUSIONS 


This paper has discussed some of the 
phases of the work accomplished by the 
Lockheed Aircraft. Corp. which was 
directed toward the reduction of air- 
craft fire hazards, through the use of 
fire-resistant finishes and improved fire 
testing procedures. Much of the ex- 
perimental data presented are, of neces- 
sity, limited inasmuch as this work is 
still in the development stages and the 
information is of a restricted nature. 

Subjects mentioned in this discussion 
represent only part of the over-all efforts 
being made by the aircraft industry to 
reduce the hazards of fire in aircraft de- 
sign and manufacture. We wish to 
emphasize the need for continued effort 
on the part of the paint industry toward 
the development of fire-protective coat- 
ings and finishes in order to permit fur- 
ther reduction of fire hazard in com- 
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tain the optimum film thickness for de- 
sirable fire-retardant characteristics. 
The weight of a film thus applied would 
approximate that of a conventional pro- 
tective coatings paint film. The ma- 
terial is of a nature which puffs upon ex- 
posure to high temperatures, and under 
15 min. exposure to a 2000 + 50 F. flame 
will show no charring of the wood so 
protected. The insulating character of 
the puff is such that should the initial 
puff be removed by excessive vibration, 
etc., a secondary puff will immediately 
form which produces a bulk approxi- 
mately 60 per cent of the original volume 
of puff which is also adequate to prevent 
charring for the same period of time 
under the same temperature flame. The 
puffing temperature of currently offered 
coatings of this nature is somewhere in 
the vicinity of 300 + 50 F. Actually, 
slight puffing will take place for pro- 
longed exposure to temperatures as low 
as 225 to 250 F. 

One of the most important character- 
istics of the improved puffing type paint 
is in the physical nature of the puff 
which is formed. Instead of forming a 
dry, flaky, brittle ash, the puff is some- 
what sticky in nature, which character- 
istic is particularly significant in the 
tendency of the puff to maintain its 
structure and adhesion to the treated 
surface under relatively severe vibration 
conditions. While the puff formed with 
the newer type coatings will resist con- 
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mercial, passenger carrying airplanes. 
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siderably more vibration than the older 
coatings, this type material could in no 
way be applied to surfaces exposed to 
relatively high velocity movement of air 
such as would be encountered on the 
exterior surfaces of commercial aircraft 
or the inside of air intake ducts, etc. 

For the less critical application such as 
wood or plywood flooring, partitioning, 
etc., it is felt that this type of coating 
offers possibilities for practical applica- 
tion. The new type coatings have 
greatly improved package stability over 
previous materials offered, show greatly 
improved adhesion to both wood and 
chromate primed metal surfaces, they 
exhibit greatly improved flexibility over 
the previous urea formaldehyde resin 
type of coating, and do not give off any 
appreciable amount of poisonous fumes 
when burned. When applied to metal 
test panels, aged one month and bent 
over a 14-in. mandrel, the newer type 
coatings show no appreciable tendency 
to crack or peel from the surface. 

Air speeds equivalent to 50 mph. are 
sufficient to remove completely the 
puffed structure from the surface so that 
these materials should definitely be con- 
sidered for use only in protected areas. 
We believe that for surfaces exposed to 
high air velocities will definitely have to 
be of the matrix type mentioned in the 
previous report. 

Testing procedures for this type of 
finish, we believe, should include the 15- 
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min. test with a 2000 F. blast flame, a 
water soaking test for the completed sys- 
tem (fire-retardant paint plus protective 
topcoat), a mandrel bending test of pos- 
sibly 4-in. diameter bend after one week’s 
aging at room temperature, and very 
definitely a weight per unit area required 
to form a given thickness of protective 
puff. The paint should also be evalu- 
ated from the consideration of the length 
of time on a standard vibration test as 
outlined in the previous paper, for com- 
plete removal of the puff. This vibra- 
tion test should probably be performed 
on the puffed material alone and also on 
the puffed material during the applica- 
tion of the flame. We believe that the 
test procedures used for evaluating coat- 
ings of this type should simulate as 
nearly as possible the actual surface con- 
ditions to which they will be exposed. 
For example, if the coating is to be evalu- 
ated for fire protection on the under sur- 
face of plywood flooring, the test speci- 
men should be supported in a horizontal 
position in a rack which will simulate 
operating strains and vibrations. The 
test flame should be applied from below 
normal to the under surface of the test 
specimen. If the coating is to be evalu- 
ated for protection to vertical partitions, 
the test specimen should be mounted in 
the stress vibration rack vertically and 
the test flame applied practically parallel 
to the coating surface. 


Air MatrerteL CoMMAND? (presented 
in written form).—The experience of the 
Materials Laboratory of the Air Ma- 
teriel Command in evaluating fire- 
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resistant coatings has been limited to the 
intumescent or “‘puff” type as described 
in the paper. The results of tests 
closely paralleled those obtained by the 
Lockheed Aircraft Corp. which indi- 
cated that the presently available coat- 
ings of this type are not satisfactory for 
aircraft use due to their poor moisture 
resistance, flexibility, vibration re- 
sistance, and heat resistance. (The 
coatings began to decompose at tem- 
peratures between 250 and 300 F.) 
Several other type coatings have been 
received recently and evaluation of these 
materials will be initiated in the near 
future. 

It is realized that fire-resistant coat- 
ings are not new and many of the 
materials brought to the attention of this 
Command which have been used suc- 
cessfully on items such as buildings, 
motors, machinery, and heating ducts 
are unsatisfactory for use on aircraft 
due to the severe and varied conditions 
to which the coatings are subjected. It 
is felt that fire-resistant finishes for use 
on aircraft must be tailor made, and 
manufacturers should keep in mind from 
the beginning the performance require- 
ments which must be incorporated into 
the coating. Some of the more im- 
portant properties are good humidity re- 
sistance, low temperature flexibility, re- 
sistance to fuels, oils, hydraulic fluids, 
vibration resistance, good adhesion 
and application properties on various 
metals and wood, and resistance to tem- 
peratures which may be high but normal 
operating conditions. In other words 
the material must have the durability 
and resistance properties of a good paint 
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coating, yet incorporate the needed fire 
resistance properties. 

The Air Materiel Command has not 
been sufficiently involved in the evalua- 
tion of these coatings to justify the de- 
velopment of any special test equipment. 
Evaluations have been limited to 
various resistance tests under operating 
conditions and fire resistance tests at a 
temperature of approximately 2000 F. 
This Command will continue to evalu- 
ate fire-resistant coatings as they are 
brought to its attention, but in view of 
the extensive investigations being con- 
ducted by N.A.C.A. and other aircraft 
agencies it is not contemplated that a 
full-scale development program will be 
initiated in the near future. However, 
any interested agency is invited to sub- 
mit to the Air Materiel Command for 
evaluation, samples of fire-resistant 
coatings which have shown by previous 
tests to have merit. 


Mr. E. T. Netson.*—Have the 
authors noticed any effort on the part of 
manufacturers to reduce the amount of 
shrinkage of the material when exposed 
to heat? Our tests show that some 
materials are inclined to shrink away 
from the edges when heat is applied. 


Mr. J. A. Jones (author).—The 
samples used for testing “puffing” paint 
type coatings were protected with as- 
bestos to prevent edge burning during fire 
testing. Inasmuch as the usage of this 
type of material was contemplated for 
continuous surfaces, the shrinkage of the 
coating was not observed. 


’ Process Engineer, Materials and Processes 
ete Douglas Aircraft Co., Inc., Santa Monica, 
alif. 


Fatigue Characteristics of Aircraft Materials and Fastenings 
By T. E. Piper,* K. F. Finlay,* and A. P. Binsacca’ 


SYNOPSIS 


Abstracts from numerous papers on the subject, in addition to observa- 
tions in the authors’ experience, contribute to the following conclusions: 
1. Methods of evaluation of the fatigue characteristics of aircraft ma- 


terials and fastenings must undergo drastic revision. 


Conventional testing 


procedures do not supply data significant to the severe conditions of dynamic 
loading found in aircraft of modern and anticipated design. 

2. The establishment of significant criteria upon which realistic design 
can be based must necessarily be preceded by extensive tests involving inter- 


rupted dynamic test procedures. 


3. So-called natural discontinuities of metallic structures are of growing 
importance to the students of ultra high-frequency loading. 

4. It is incumbent on test engineers and metallurgists to forestall serious 
failures in aircraft resulting from failure to meet the requirements and condi- 


tions noted above. 


5. It is a foregone conclusion that the experience is of little value during 
this time of revolutionary design and material requirements. 


U: To the present time 
many applications of aircraft materials 
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have been used because experience has 
shown that they have met fatigue re- 
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quirements. Now that new and radical 
design is becoming more and more prev- 
alent, and as higher strength materials 
are being developed, insufficient experi- 
ence is available not only for specific 
materials but for assemblies, so that 
design can be made without imposing 
high fatigue safety factors upon mate- 
rials or assemblies. Even as the air- 
frame manufacturers continue to design 
and build military aircraft, a trend 


toward increasing the life span of not | 


only fighters and bombers but also 


NOTE.—DISCUSSION OF THIS PAPER IS 
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TABLE I.—SUMMARY OF TEST RESULTS FOR RIVETED JOINTS. 


ye ; : 4 a 
/is-in. diameter 248-T brazier head rivets in 1-in. wide lap joints (see footnotes). 


Sheet Alloy Thickness, Specimen Load per Corresponding Stresses, psi. 
in. Number Rivet, $$ Number of Type of 
lb.% Tension Shear° d, 6 Bearings Cycles ailure 
67793-1-0 won Ocoee 
2 1255 23 900 44 000 101 000 Static Test Rivet 
<f, ae 10 500 19 200 44 300 192 200 Sheet 
r 18 300 42 300 231 50 
4 500 9 500 17 500 500 Sheet 
1A a 40 300 152 500 Sheet 
ae baat 2 400 7 600 14 000 32 300 388 500 Shest 
eee ee . - ce 
a he abe 12 200 28 200 924 100 Sheet 
os B00 BeraG 10 500 24 200 1 006 500 Sheet 
x ne 8 400 19 300 3 999 900 Sheet 
re eh 800 7 000 16 100 11 003 300 Sheet 
. 136 3 500 6 500 14 900 100 617 500 None 
s ~~ 3 200 5 900 13 700 100 526 700 None 
2 800 5 200 12 100 100 302 900 None 
oe re 44 eon aon of beat Static Test Rivet 
: 135 500 
Lo eeS tic ott alae come) ne 20 409 | Set 
: 15 000 Rivet 
ae 3 | ) bh | Bae | ea ga | Bit 
c. = 
, al 81... 0.065 % 400 7 600 14 000 32 200 350 300 Ried 
tT | MS) Fae | a) eae is | Bie 
5 2 459 100 Sheet 
| es ean 2 800 5 200 12 100 3 553 600 Sheet 
R : 2 300 4 200 9 700 13 890 700 Sheet 
a 110 2 100 3 800 8 900 9 052 500 Sheet 
| 95 1 800 3 300 7 700 103: 154 700 None 
62968-1-0 1250 23 400 43 700 99 000 Static Test Rivet 
-14 550 10 300 19 200 43 600 88 Rivet 
ak poe 19 oe . a 43 §00 178 500 Shoat 
- iva 39 500 211 900 Sheet 
PF) @ | Ge | Be | Be spam | ise 
- ; 27 8 920 700 Sheet 
23 300 5 600 19 500 23 800 1 104 0 
Alclad 248-RT.... 0.066 ae 250 4 700 8 700 19 800 5 300 900 Sheet 
- 225 4 200 7 900 17 900 17 918 100 Sheet 
1 
a | He | sme | gi | eee) kaa | she 
- heet 
ai 160 3 000 5 600 12 700 10 678 300 Sheet 
= 140 2 600 4 900 11 100 40 962 100 Sheet 
-9 130 2 400 4 500 10 300 27 592 100 Sheet 
-10 120 2 200 4 200 9 500 69 060 600 Sheet 
ikl 110 2 100 3 800 8 700 109 883 400 None 
{ 62968-2-0 1250 23 400 43 700 99 000 Static Test Rit 
vet 
a He ss 
- 39 144 400 Sheet 
=ii8) 400 7 500 14 000 31 800 312 600 Sheet 
$f | ah ) bee | bee | aM sig | sia 
= 23 80 897 100 Sheet 
23 250 4 700 8 800 19 800 901 000 Sheet 
Alclad 24S-T86.... 0.066 3 200 3 700 7 000 15 900 2 188 600 Sheet 
-4 175 3 300 6 100 13 900 2 365 400 Sheet 
ai 175 3 300 6 100 13 900 2 304 700 Sheet 
-5 150 2 800 5 200 11 900 3 815 600 Sheet 
-9 135 2 500 4 700 10 700 5 561 800 Sheet 
-6 125 2 300 4 400 9 900 86 866 600 Sheet 
-10 120 2 200 4 200 9 500 49 852 200 Sheet 
B12 115 2 100 4 000 9 100 28 770 100 Sheet 
63317-0 1270 23 800 44 400 101 000 Static Test Rivet 
-10 550 10 300 19 200 43 600 144 900 Sheet 
-8 500 9 400 17 500 39 700 170 800 Sheet 
4 ff 400 7 500 14 000 31 700 318 500 Sheet 
-9 300 5 600 10 500 23 800 900 200 Sheet 
Alclad 75S-T...... 0.066 a 200 3 700 7 000 15 900 4 267 200 Sheet 
-1 150 2 800 5 200 11 900 14 267 400 Sheet 
-6 135 2 500 4 700 10 700 103 987 300 None 
-3 125 2 300 4 400 9 900 16 668 000 Sheet 
-5 120 2 200 4 200 9 500 101 203 900 Sheet 
-4 110 2 100 3 800 8 700 103 745 600 None 


@ All specimens loaded across-grain. 
+ Four specimens loaded in each fatigue test; 


© Sheet stress based on net section through hole. 
f Bearing stress based on hole diameter. 


transports for military and _ civilian 
use is the order of the day. 

In some instances we are aware that 
fatigue characteristics are satisfactory 
or that other properties are the con- 
trolling factors in design. In aircraft 
design the fatigue problem is in- 
_ereasingly serious and important. The 
| following developments substantiate the 
) urgent need for a thorough investiga- 
| tion of this mechanical property (1).* 

1. The ultimate load factor has been 
successively decreased. Thus, stresses 
induced from repeated loads of various 
magnitudes are correspondingly in- 


38The boldface numbers in parentheses refer 
to! the list of references appended to this paper. 
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r loads per rivet are average. 
© Static shear strengths are average of three tests. 
@ Rivet shear stress based on hole area (diameter = 


0.191 in.). 


creased and may fall above the fatigue 
limits of the structural parts. 

2. Materials of higher strength, such 
as 758, are being employed which often 
have rather poor fatigue qualities and 
high fatigue sensitivity for stress con- 
centrations. Even though these mate- 
rials have approximately the same 
absolute fatigue limit as older materials, 
the relative fatigue limit, that is, ratio 
between absolute fatigue limit and the 
tensile strength, decreases inversely 
as the ultimate strength is improved. 
In order to utilize fully the ultimate 
strength of the material or structural 
part for meeting the static load cases 
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the relative fatigue limit is the property 
that is significant. 

3. As competition increases and 
economical benefits of an increased 
payload are fully appreciated, static 
tests indicate that it is possible to 
cut down unnecessary material which 
reduces the extra margin of safety. 
This reduction as a rule impairs the 
fatigue qualities due to the fact that 
the over-all stress level is increased. 
Increased knowledge of designing for 
fatigue (reducing stress concentrations, 
etc.) is a desired trend, but in many 
cases this feature cannot compensate 
for the trend of reduction of material, 
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simply because the stress concentration 
factor cannot be reduced below a 
certain limit. 

4. The cost of modern transport air- 
craft has increased to such an extent 
that there is a tendency to increase the 
life span of aircraft as mentioned before. 

An objective proposed by one in- 
vestigator (1) considering the tremen- 
dous growth that is upon us and antici- 
pated in the aviation industry is that 
every action ought to be directed to 
completely prevent fatigue failures. 
This objective is one with the basic 
idea that aircraft shall be designed to 
prevent fatigue failures and could 
only be achieved if a standard require- 
ment is accepted, that is, to withstand 
with safety the cumulative damage 
effect of all repeated loads occurring 
during the life span of the aircraft. 

Satisfying such an objective would 
mean the determination of the expected 
spectrum of loads of various intensity 
and frequency to which aircraft in 
flight will be subjected during their 
life span. A determination of the 
fatigue life will then have to be made of 
the structure, either of individual as- 
semblies or in its entirety. Realizing 
that such an undertaking would require 
years of extensive research and testing 
continued testing in the manner now 
being used will bring about a more 
complete understanding of the basic 
theoretical reasons for fatigue failure. 

One investigator indicated that little 
or no investigation was contemplated 
on the fatigue problem and that many 
fatigue failures will occur before the 
designers are aware of this serious condi- 
tion. This was true several years ago 
but increased activity in investigations 
into all fields of the fatigue problem has 
shown that everyone involved is now 
cognizant of this problem. Many in- 
vestigations sponsored or run by cor- 
porations, societies, and committees 
are indicative of this trend and this 
résumé includes some of the results of 
these investigations on the fatigue 
characteristics of aircraft materials and 
fasteners. 


FatTiGUE CHARACTERISTICS OF JOINTS 
Bolted Lap Joints: 


Investigation on the fatigue charac- 
teristics of bolted lap joints of 248-T 
Alclad sheet materials (2) indicated 
that bolt fit (bolt clearance varied from 
—0.0005 to +0.050 in.) has no pro- 
nounced influence on joint strength 
under unidirectional loading and that 
under reversed loading the influence 
also seems to be slight. Limited tests 
on the interference fit of lockbolted 
lap joint of 24S-T Alclad (3) also in- 
dicated that there was no significant 
effect of fit upon lifetime to fatigue. 
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From this analysis it appears that the 
fatigue strength is not influenced by 
bolt fit, but it should be emphasized 
that loose fitting bolts permit objection- 
able slip and joint deflection and are 
undesirable. 

Two or more bolts in line with the load 
increase the fatique strength but not in 
proportion to the number of bolts used. 
For a given bolt diameter and bolt 
pattern, increasing the sheet gage 
(0.102 to 0.375 in.) increases the long- 
life fatigue strength but not in propor- 
tion to the increase in gage. Addi- 
tional tests employing steel bolts, as 
were the tests made above, indicate 
that countersunk bolts may produce 
lower fatigue values than joints made 
with hexagonal headed bolts. Also, 
with bolts of different diameters the 
fatigue strength will vary with diameter- 
thickness ratio. 


Flush-Riveted Joints: 


Flush-riveted joints (4) made on 
24S-T aluminum alloy plate with 
A17S-T aluminum alloy rivets indicate 
that the fatigue strength of the rivets 
in completely reversed shear was 
greatest for commercial countersunk 
rivets with the head 0.010 in. above the 
plate surface before driving, while it 
was lowest when the head was 0.003 
in. below the surface. Reverse-driven 
rivets caused the fatigue strength to 
be intermediate between these extremes 
as noted below even though they de- 
veloped the highest static ultimate 
strength. 
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Static ultimate strength, psi.............. 
Endurance limit at 107 cycles psi.......... 
Endurance limit 


Static ultimate strength’ POs CONG. otter ae 


The ratio of rivet pitch, p, to rivet 
diameter, d, on the fatigue strength of 
riveted A17S-T aluminum alloy rivets 
bent-up flanges of 248-T aluminum 
alloy sheet (5) definitely affects the 
fatigue strength of this method of fasten- 
ing. It was concluded that for each 
sheet thickness of material there is an 
optimum value of p/d for which P;/P, 
ratio is a maximum, where Py is the 
fatigue strength and P, is the static 
ultimate strength as noted in table 
below. 


Optimum 
Value of 
p/d for 
Sheet Maximum 
Thickness, Value of 
in. P;/Pu 
OOO LAER roe oencaee 2.9 
OL0G4 eee ae eee 5.4 
0.04005, a. ere: 6.2 
05032 is Ate eee. 7.6 


Since in a riveted joint sheet thick- 
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Sheet Thickness, in. 
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Fig. 1.—Variation of Optimum Ratio of 
Rivet Pitch to Rivet Diameter with Sheet 
Thickness. 


ness and rivet area per inch will usually 
be dictated by static strength require- 
ments, it is possible by use of Fig. 1 
to choose a value of p/d that will ensure 
that the joint is well proportioned to 
resist alternate “prying” loads and will 
consistently meet the static strength 
requirements. 


Spot-Welded Joints: 


Fatigue tests on spot-welded sheets 
of 24S-T Alclad aluminum alloy sheet 
(6) indicate that the fatigue strength 
of a spot-welded joint in sheets of twe 
different gages is slightly higher than 


Series Series Series 
Cc NA 
32 500 35 500 38 100 
12 900 15 000 11 000 
30 40 42 29 


that of a similar joint in two sheets of | 
the thinner gage but definitely lower / 
than that of a similar joint in two sheets || 
of the thicker gage. Spot welding of | 
Alclad 75S-T indicated that they were : 
not any stronger in fatigue than similar ' 
specimens of Alclad 24S-T. In general, 
it can be stated that spot-welded lap 
joints which gave the highest static ! 
strength produced also the highest 
fatigue strength. Riveted joints, in }) 
general, were stronger in fatigue than | 
corresponding spot-welded joints. It t 
should be noted that in comparing ) 
spot-welded materials several factors Fy 
should be considered in evaluating ) 
fatigue characteristics: the relative ¢ 
strengths of bare sheet materials, the \ 
effect of cladding, and the type of spot | 
weld. if 


Previous work on spot welding of) 


248-T Alclad (7) indicated that, int ; 
general, welds with the greatest pene-)) 
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/ trations, amount of dendritic structure, 
yand diameter possible, will prove strong- 
est under dynamic loadings. It has also 
{been found that static shear strength 
jincreases with increased diameter but 
» decreases with increased penetration. 

| One investigator has determined that 
vin stainless steel, spot-weld button 


pauality is subordinate in importance to 
’ He further concludes 


al 


4weld diameter. 
+ that multiple spot welds of a given total 
jarea cannot be practically or ideally 
‘spaced to prevent interaction which 
becomes a detriment to fatigue joint 
efficiency, as compared to the single 
spot. Certain support is given by this 
‘janalysis to the efficacy of seam or roll 
5 welds in large joints. 


4 Conclusions 


In general, the fatigue strength of 
joints in sheets and plates cannot be 
|predicted directly from the fatigue 
tstrength of plain sheet specimens of 
# material. A more probable correlation 
is that relating the fatigue strength of 
| joints to those of notched sheets, but 
) it is not known what type of notch or 
stress concentration factor would pro- 
) vide the best correlation. The influence 
of sheet properties is usually less than 
that of stress concentrations inherent 
in the type and fabrication of the joint. 
| Relative fatigue tests of riveted 
Fjoints of aluminum alloy sheets (8) 
‘subjected to different number of cycles 
are shown in Table I. These samples 
+ were riveted with ;%-in. diameter 248-T, 
) with brazier manufacture heads and 
+ flat driven heads. 


Discussion oF Fatiaue STRENGTH 


_ Axial fatigue tests at zero mean stress 
i have been made on 0.032- and 0.064-in. 
» 24S-T and 0.032-in. 75 S-T sheet metal 
specimens f, 3, 1, and 2 in. wide without 
a hole and with central holes giving a 
range of hole diameter, d, to specimen 
+ width, w, from 0.01 to 0.95. Nosystem- 
j atic difference was noted between the 
+results for the 0.032-in. and the 0.064- 
in. specimens although the latter seemed 
the more consistent. In general, the 
fatigue strength based on the minimum 
‘section dropped sharply as the ratio 
?d/w was increased from zero to about 
(0.25. The plain specimens showed 
quite a pronounced decrease in fatigue 
strength with increasing width. The 
holed specimens showed only slight and 
) rather inconclusive evidence of this size 
effect. The fatigue stress-concentra- 
‘tion factor was higher for 75S-T than 
for 24S-T alloy. Evidence was found 
‘that a very small hole would not cause 
_ any reduction in fatigue strength. 

The classic definition of fatigue 
strength or endurance limit, “.. . the 
stress below which a material will 
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withstand an indefinitely large number 
of cycles of stress without failure,” 
should be emphasized in a different 
light than has been our custom in the 
past. It is not fanciful in these times 
to speak of “Death Rays” which destroy 
organisms or man-made engines. By 
the same token of our ingenuity in 
producing ultrasonic engines, is it not 
feasible to create harmonics and dis- 
sonant vibrations which may substan- 
tially decrease the normal life expectancy 
of materials? 

_ Notable theories proposing explana- 
tions for creep, yielding, and fracture 
of metals are based on atomic bonds, 
electromagnetic potentials, submicro- 
scopic cracks, dislocations, ete. Beg- 
ging indulgence of the liberty to theorize 
beyond the theorists, it is interesting to 
contemplate the relationship between 
the ultra-high frequencies of our present- 
day engines and their effects on the 
structures of metals. 

Hysteresis in terms of magno-re- 
striction has a paratlel phenomenon in 
the natural permeability of materials 
to absorb mechanical energy. The 
transmission of mechanical energy 
through material on sonic or ultrasonic 
frequency levels induces an unpredict- 
able, however damaging, effect in the 
material. Whether the failure origin 
is an atomic scale dislocation or sub- 
microscopic cleavage-plane, the de- 
bilitating effects of the high-frequency 
loading are apt to have much more far- 
reaching effects than those found in the 
pre-gas turbine era. 

The aspect of elevated temperatures 
combined with the severe type of loading 
peculiar to high-speed aircraft gives 
further food for thought. The normal 
decrease of cohesive strength of mate- 
rials at elevated temperatures is ele- 
mentary. The energy-absorbing prop- 
erty of metals often decreases at ele- 
vated temperatures. The inability to 
absorb energy involves a preferred dis- 
tribution of vibrations or stress in the 
areas most susceptible to relief. Fur- 
ther projection of theory might well 
include a premise that for a given 
material, stresses are more likely to 
seek out an incipient fracture when 
transmitted by high frequency than by 
low frequency. 

The proposal has already been in- 
troduced to the services through the 
National Advisory Committee on Aero- 
nautics that a new philosophy of testing 
is required to evaluate materials in the 
face of our expanding horizons in 
physical metallurgy. Bvaluation of the 
problems must certainly precede evalu- 
ation of the materials. It has been 
demonstrated that simulated service 
test procedures which aim at maximum 
conditions of fatigue loading at opera- 
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tional temperatures do not accurately 
foretell service-life expectancy when 
short-time test methods prevail. The 
progressive nature of fatigue failure 
leaves no room for argument against 
the wisdom of interrupted testing which 
produces cumulative data. 

If we are justified in stating that lower 
fatigue strength in specimens of identi- 
eal geometry and structure will result 
from higher frequency of application 
at a given load, then we may predict 
that the scatter-band of fatigue strength 
for a given material will probably be 
narrower than at lower frequency 
fatique strengths—but at a lower mean 
strength level. 

The relative susceptibility to fatigue 
failure of various sections of formed and 
thereby pre-strained areas in airframe 
structures has been largely disregarded. 
Returning to the basic characteristic 
of fatigue failures, namely nucleation, 
it is of serious concern to try to antici- 
pate the effects of the numerous slip 
planes or twinning discontinuities in 
worked materials. It seems inevitable 
that unless due consideration is given 
these effects in preference to the ulti- 
mate strength phobia which designers 
and production people suffer from, 
physical metallurgy limitations may 
inhibit the natural progress of the 
industry to a serious degree. 

In conclusion it would be well to 
emphasize that whereas experience has 
been our criterion for appreciation of 
the fatigue characteristics of aircraft 
materials and fasteners, the revolu- 
tionary design and material require- 
ments of modern and projected aircraft 
have far outdistanced experience and it 
behooves us to conduct extensive re- 
vision of the philosophy of fatigue 
testing. 
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Mr. A. C. Cartson! (presented in 
written form) —As stated by Mr. Piper, 
aircraft structures are now designed 
with greater structural efficiency than 
aircraft structures designed years ago. 
This is the result of a greater knowledge 
of the loads placed on the structure, an 
improvement in design technique, and 
an increase in the ultimate strength of 
the materials. With these changes has 
occurred a basic change in the type of 
structure being used. Instead of the 
former practice of concentrating the 
load-carrying material at spars or lon- 
gerons, in general we now utilize mono- 
coque-type construction which dis- 
tributes the load-carrying materials 
over a considerable width of the wing 
or fuselage. Thus, for the majority 
of the structure a failure of one com- 
ponent, which is the case in fatigue 
failures, will not cause a complete 
failure of the wing structure, and the 
local fracture can be detected by rou- 
tine inspection before the over-all load- 
carrying capacity of the wing is sub- 
stantially reduced. Where it is neces- 
sary to concentrate a large portion of the 
load-carrying material in a limited area, 
such as at spars, or in the vicinity 
of a major cutout, particular attention 
is given to the selection of the most 
favorable material from a fatigue stand- 
point and to the usage of a detail design 
which has a minimum of stress concen- 
trators. 

Greater efficiency in design does not 
necessarily mean that lower fatigue 
strength is obtained, because improve- 
ment in the detail joint configuration 
obtained by knowledge of how to in- 
crease joint efficiency can result in the 
same net area stress for both the origi- 
nal and the improved design. 

Mention should be made of improve- 
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DISCUSSION 


ments in fasteners such as tension bolts. 
The industry is now using bolts with 
rolled threads instead of the former cut 
or ground threads. Although no in- 
crease in allowable stress has been made, 
the fatigue life of the presently used 
bolts is more than twice that of cut or 
ground thread bolts. An additional 
increase in fatigue life is possible through 
the adoption of bolts with rolled head 
to shank fillets, which is now being 
considered. 

The service life of aircraft cannot be 
predicted at the present time because of 
the large number of variables and 
numerous items which are not now 
completely evaluated. However, air- 
craft are now designed with specific 
consideration for the obtaining of an 
extended service life. Information has 
been and is being obtained on the com- 
parative fatigue properties of various 
materials and various types of detail 
design, on the type and frequency of 
the loads to which the aircraft are sub- 
jected, and on the variation of loading 
encountered under various conditions. 

The blanket substitution of higher 
strength material with higher allowables 
using past detail design configuration is 
not the current design policy. The past 
service history of individual airplane 
models provides an excellent indication 
of the ability of certain types of design 
and of certain materials to sustain the 
repeated loading encountered in service 
operation. This service history, when 
all of the influencing factors are con- 
sidered, can provide a general guide for 


_—eurrent design practice. 


It is granted that we have limited 
knowledge of the structural loading en- 
countered in transonic or supersonic 
aircraft. However, limited experience 
in the field of gas turbine engines dealing 
with high-frequency loading of turbine 
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blade configurations has revealed nu- 
merous problems, but there has been no 
evidence to date which would indicate 
that the material behavior differs from 
that encountered in normal frequency 
loading. 


Mr. M. H. Weisman.2—Mr. Carlson 
contends that the increased structural | 


“The Effect of Size and Notch Sen- | 


efficiency of current design practices — 


has not resulted in decreased fatigue — 


structures. In 
The increased 


strength of aircraft 
general, this is true. 


care taken to reduce the severity of ' 


stress concentration in detailed design | 
and the application of such practices as | 


rolled threads and shot-peened surfaces | 


produce parts far superior in fatigue : 
strength to those of the past. 


It should be pointed out, however, , 


that the primary design criterion for 


structural parts in most cases is still | 


the static ultimate strength. Only 
where prior experience or actual test 
failures indicate the need are the lower : 
fatigue strength allowables used. 

The use of materials with higher 
ultimate and yield strengths, such as 
758-T, has caused some difficulty. . 
Such materials are more notch-sensitive 2 


than the materials which they replace. | 


As a result, the fatigue allowable for the ¢ 
new high-strength material is often no » 
higher, and actually may be lower, than | 
the fatigue allowable for the previously | 
used material of lower ultimate strength. | 
Stress concentrations, including tool | 


marks and service damage, or conditions |) 


of loading which were unimportant in { 
the past, now can cause trouble because | 


¢ 
of the greater detrimental effect on}! 
parts made from the new high-strength |) 


materials. 


2 Process Analyst, Engineering Department,|! 
Now American Aviation, Inc., Los Angles,| 
alif. 
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Te flow of metal in die 
asting is of importance and interest be- 
ause it is a factor in producing satisfac- 
pry castings. The velocities of flow in 
jae supply channels of the die and along 
‘ne walls of various parts of the die cav- 
y, as well as the rate at which various 
*ections of the die cavity are filled, must 
ein certain relations or ratios to the rate 
if heat abstraction through the die walls. 
Where must also be correct relations be- 
Sween those velocities and the rate at 
Which air is vented from the die. These 
Jelations determine the soundness of 
astings and their surface finish. 

The dependence of those velocities 
pon the pressure applied to the metal 
3 of prime importance in operating die- 
asting machinery to produce satis- 
actory castings. The dependence of 
he flow velocities upon metal tempera- 
ure, alloy composition, and other fac- 
ors may also prove to be worth con- 
idering. The machine operators ad- 
st the applied pressure as well as 
her factors, such as metal temperature 
)nd die cooling, and they find a balance 
f£ operating factors that produces a 
Matisfactory product. Sometimes the 
mits of the ranges of operating factors 
re narrow, slight deviations producing 
ritical effects. However, it is notable 
that castings of comparable good quality 
jave been produced from test casting 
ies of the Committee B-6 design under 
oth the conditions of high applied 
ressure with low injection plunger 
relocity, and of low applied pressure 
‘vith high plunger velocity. 

— Instruments are available for measur- 
‘ng the total time of the injection plun- 
‘er stroke. Also, laboratory instru- 
joents have been developed for deter- 
aining the instantaneous motion of the 
jojection plunger at all portions of its 
‘troke. From such laboratory instru- 
jnents for instantaneous plunger mo- 
ion, the velocity of the metal flow 
jan be inferred by making the assump- 
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SYNOPSIS 


The equation of steady flow in filling a die-casting die is derived and 
solved for a range of pressures, velocities, and gate orifices. The relation to 
optimum die-casting die design and operation is indicated. 


tion that the channels are filled from the 
point at which the velocity is being de- 
termined back to the plunger. 

In published studies of die casting, 
the pressure applied to the metal by the 
injection plunger usually has been as- 
sumed to be the pressure at the hydrau- 
lic system pump or in the accumulator 
tank, multiplied by the ratio of areas of 
fluid power piston to metal plunger. 
The distance from the pressure gage to 
the fluid piston may be several feet. 
The fluid may have to move at fairly 
high momentary velocities as the plun- 
ger makes its stroke, and friction must 
be overcome at pipe and valve changes 
in direction as well as mechanical fric- 
tion in the plunger. Thus the actual 
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low Calculations for Die Casting Applied to the A.S.T.M. 
Committee B-6 Test Casting Die 


jection mechanism of cold-chamber 
die-casting machines is shown diagram- 
matically in Fig. 1. Only the essential 
elements are indicated, small details 
being omitted. Some machines operate 
with a vertical plunger instead of the 
horizontal plunger shown. However, 
they have the same elements and their 
operation is similar. 

The relations between metal velocity 
results and such factors as applied pres- 
sure and metal temperature may be ap- 
proximated by calculation closely 
enough, it is believed, to serve for the 
direction of research work and for inter- 
preting and analyzing the data found 
with present available instruments. 

After the metal plunger has trans- 
ferred the molten metal charge from 
the cold chamber through the cylinder 
to the sprue, filling the runner and com- 
mencing to discharge at the gate into 
the die cavity, the plunger travels at a 
steady speed for a while until the die has 
been filled back to the gate. This steady 
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Fig. 1.—Diagram of Cold-Chamber Die-Casting Machine. 


instantaneous pressures may depart 
widely from the nominal pressure. 

For the purpose of gaining accurate 
knowledge of how changes in the die- 
casting machine pressure adjustments 
affect the injection pressure and velocity 
as well as how the efficiency and control 
of the machine may be improved, a 
means of measuring metal pressures is a 
desideratum. A means of measuring 
velocities directly, as by detecting the 
heat or pressure effects of the passing 
stream of metal in the die, would also 
be an aid to future research work. How- 
ever, until such instruments become 
generally available, the flow could be 
calculated. 

The general arrangement of the in- 
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motion of the plunger and steady flow 
in the die runner and gate may be com- 
puted by simple methods for a range of 
pressures, gate opening sizes, and con- 
sequent velocities. This computation is 
the object of the present study. 

The initial flow before the die chan- 
nels are filled and the final rise in pres- 
sure after the die is filled are not con- 
sidered here, because these transient 
phenomena are not pertinent to the ob- 
jective of calculating the rate of mold 
filling, which determines the soundness 
and surface finish of the casting. If they 
were important, these initial and final 
phenomena could be calculated for 
their velocity and duration by setting 
up the appropriate differential equa- 
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tions (1)? and calculating the solutions 
for ranges of operating conditions. 
However, they: are probably a minor 
fraction of the total time of filling the 
die and are therefore unimportant. 
The total time of filling the die is per- 
haps one-hundredth of the cycle time 
of the die-casting machine from one 
cast to the next. Therefore, the time 
durations of the transient initial and 
final flow phenomena are unimportant 
from the standpoint of their effect on 
production as well as on the rate of 
solidification of the castings; and any 
changes in the durations of these tran- 
sient initial and final events due to ad- 
‘Justment of operating conditions are 
readily compensated for by a slight 
change in the cycle time. The present 
study will be restricted accordingly to 
steady flow. 

The purposes of this study were the 
following: 


1. To setup a common basis for ana- 
lyzing operating data to be gathered in ex- 
perimenting with the Committee’s re- 
search dies. 

2. To determine the ranges of nominal 
gate velocities for various sizes of gates, 
within which ranges satisfactory castings 
can be made at various temperatures. 

3. To derive the flow equations in such 
general form that they could be setup for 
other kinds and sizes of molds, such equa- 
tions to be used to ascertain whether the 
same ranges of velocities, as in the present 


Fig. 2.—Committee B-6 Test Casting and Attached Sprue and Runner. 


TABLE I.—GATE VELOCITIES AND FILLING RATES. 


Average Speed of Fill- 
ing the Die Evenly 
Re (ea reraie Logtess 
Thick- Vg Average pm, Actual Die mie See peek 
ness of Ag, Areas Velocity in Pressures Filling 
Gate, of Gate, the Gate, on the Metal, Time, ReTRG 
in, sq. ft. ft. per sec. lb. per sq. ft. sec. Rei Thin 
Thick Middle 
Legs Plate 
Section 
OROZ Oke 166 68 810 0.063 6.52 16.8 
234 136 880 0.0456 9.20 23.68 
380 362 600 0.0276 14.92 88.44 
0.0005479 490 602 530 0.0214 19.25 49.6 
590 873 210 0.0177 2302 59.7 
740 1 373 070 0.0142 29.16 74.8 
970 2 358 140 0.0108 38.10 98.2 
166 68 932 0.054 7.60 19.57 
234 136 933 0.0383 10.71 27.60 
380 363 480 0.0236 17.4 44.8 
0.035..... 0.0006392 490 603 965 0.0183 22.4 57.7 
590 875 200 0.0152 28.0 69.5 
740 1 376 030 0.0121 33.9 87.2 
970 2 362 890 0.0093 44.4 118.0 
166 69 220 0.0377 10.9 28.0 
234 137 485 0.0268 15.3 39.4 
380 366 830 0.0165 24.9 64.0 
0.050..... 0.0009132 490 609 108 0.0128 SQ 82.5 
590 882 490 0.0106 38.6 99.3 
740 1 386 830 0.0085 48.4 124.5 
970 2 380 284 0.0065 63.5 163.0 
166 70-023 0.0235 17.4 44.7 
234 138 955 0.0167 24.5 63.0 
380 376 087 0.0103 39.8 102.0 
0.080..... 0.0014611 490 623 670 0.0080 51.3 132.0 
590 902 530 0.0066 61.8 159.0 
740 1 416 820 0.0053 77.5 199.0 
970 2 427 860 0.0041 101.0 261.0 


die or other ranges, are necessary in other 
dies. 

4. To give formulas by which the 
actual pressures and velocities measured 
in die casting dies might be used to in- 


2 The boldface numbers in parentheses refer to 
the list of references appended to this paper. 
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vestigate pressure losses and efficiency of 
the hydraulic system of the die-casting 
machine. 

5. To offer equations which may be 
transposed to yield new and more accurate 
flow coefficients for the hydraulic friction 
of metal flow in die-casting mold channels. 
By substituting in these equations the 
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Thickness . 
of Gate 


measured velocities and pressures in tests 
of die-casting molds, these equations may 
be solved to give tested values of the fiewy| 
coefficients. 


SCOPE OF THE PRESENT STUDY 


The equation for flow in the various 
parts of a die-casting die is derived fox 
any simple form of die having a single} 
cavity and a single gate opening, thus) 
having no branching flow and no ques»! 
tion of distribution. It is then appliec2) 
to the committee’s design of test castings 


of the die are given in Fig. 2, which is a} 
perspective drawing of the casting anq) 
its attached sprue. Three overflow re‘ 
ceiving chambers and the vents ar 
omitted from this figure. If 

A range of gate velocities corres} 
ponding to the generally used range a’ 
pressures is substituted in the speciai 
equation for this die, at each of severe) 
gate slot thicknesses commonly used if 
dies of this size and kind. The solull 
tions thus found are the particulal 
pressures in the molten metal in front ¢ 
the plunger corresponding to these as# 
sumed velocities and gate openings. 
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| The solutions are collected in Table 
Some of these combinations of 
‘yerating factors may be outside the 
jmits of satisfactory casting. 


¥ PosstsLE APPLICATION TO THE 
_ Improvement or Gate DesiGn 


yperated successfully, will indicate how 
fate areas influence casting operating 
Dnditions and results. By further 
rudy of these figures in the light of 


jic., also may be found. It may be dis- 
vered that certain gate sizes allow of 
fore variation in these operating fac- 
ors than other gate sizes, thereby 
pinting to the most favorable gate de- 
gn. 

} Such a predetermination of the most 
‘ivorable gate design would be an im- 
“rovement on the usual method. This 
ipnsists of cutting a gate opening rather 
naller than one that produced satis- 
‘ctory castings on a similar die. The 
direction and location of injection are 
Soportant, of course. The dies being 
Sompared should produce castings that 
save approximately equal wall thick- 
Jesses and areas, so that the cooling rate 
“nearly the same. The castings should 
yontain approximately the same vol- 


tmilarly. 
7 The gate opening is usually cut 
Mather small to allow for correction of 
Jasting deficiencies by cautiously en- 
jirging the gate thus avoiding the 
*ecessity of correcting too large a gate 
y the more difficult operations of weld- 
ig or of inserting a new gate insert into 
‘he die. As a consequence, the best 
fate size, from the standpoint of the 
est castings as well as the widest 
Wtitude in pressures, metal tempera- 
ture, and cooling speed, may not be 
bund because too many experiments 
‘ould be needed and too much die work 
41 preparing various gate openings 
‘rould be involved to find the best com- 
Jinations. The experimentation gen- 
trally is terminated when satisfactory 
Yastings result from some one combina- 
jon of pressures and temperatures. 


CALCULATION OF EQUATIONS FOR 
Die-Castine FLow 


The computations are offered as ap- 
hroximations to the velocities and fil- 
‘ing times. They are based on steady 
‘low conditions. No attempt is made to 
i llow for the gradual start from rest, of 
he plunger and of the flow of the metal. 
The assumptions are: 


) 1. At the beginning of the injection 
ime, the sprue, runner, and gate are filled 
ind the metal just begins to emerge from 


the gate. The metal jet and the plunger 
are at a steady velocity at this instant and 
throughout the time of filling the die. 

2. The pressure on the plunger is 
steady and there is no acceleration of the 
plunger motion and of the metal stream 
during the stroke. The energy imparted 
to the moving metal before the beginning 
of metal discharge at the gate is taken into 
the “velocity of approach” term Vp in the 
first term of the right-hand member of the 
energy equation below, 

3. There are no voids in the body of 
molten metal from the gate back to the 
plunger. The gate discharges a solid 
stream of the cross-section of the gate. 
Of course, the streams of metal inside the 
die cavity do not generally fill the passage- 
ways through the cavity until the cavity 
becomes filled in some of its parts. The 
die cavity is assumed to fill first in its parts 
that are most remote from the gate and 
then to fill progressively backward of the 
direction of flow until the parts around the 
gate are filled last. 

4. There is no term in the equation to 
represent the back pressure of the air in 
the die cavity as the air is displaced by the 
incoming metal and discharged through 
the vents. 

An equation of the energy balance 
per stroke may be written as: 


The various volumes indicated by the 
products of lengths and corresponding 
areas are all taken equal to one another 
and are taken equal to the volume of the 
die cavity plus the overflows, but ex- 
cluding the gate and the runner. The 
continuity of flow assumed here implies 
no voids nor cavitation at steeply di- 
verging tapers. Actually, though, the 
thin but broad slot of the gate may not 
be filled across its entire breadth at any 
one instant, but a stream of less width 
may oscillate from side to side of the 
gate. In experiments in which it was 
attempted to discharge ribbons of mer- 
cury from thin but broad slots in re- 
volving drums for mercury jet inter- 
rupters, the slot was not kept filled but a 
narrower ribbon issued from the slot 
(2). Such a result would tend to in- 
crease the velocity of flow in the gate 
and would change the coefficients in the 
terms representing friction flow losses. 

Then, continuity being assumed 


ApLp = ArLr = Ache = 0.005715 cu. ft- 


The weight of the charge = W = 0.005- 
715w. in pounds (w = the weight per 
cubic foot of the molten aluminum al- 


PmApLp = (Va? — Vr?)W/2g + prArLe + prArLr + poAche + 2W 


Effective energy Kinetic energy of Loss of Loss of Loss of Work of 
imparted to the injected charge energy in energy energy in lifting 
metal by the therunner at the the gate the 
metal plunger entrance charge 
of the from the 
runner plunger 
to the 
gate 


The A’s are areas and the L’s are the 
lengths of the charge as it is formed and 
confined in the various channels of the 
die. 

Ap is the area of the metal plunger = 
0.02182 sq. ft., the plunger diameter 
being assumed as 2 in. 

Ap is the area of the runner at the 
narrowest place in square feet = 
0.0023177 sq. ft., equivalent to 0.3375 
sq.in. The narrowest place happens to 
be close to both the edge of the plunger 
and to the place where the runner is 
narrowed in thickness to approach the 
gate. Therefore, the runner does not 
vary greatly in area through its short 
length. 

The Aq’s are the areas of the various 
gates calculated, expressed in square 
feet. 

All numerical values throughout are 
carried out in consistent units of feet, 
pounds, and seconds. 

The various lengths of the charge in 
the various channels of the die are: 


Lp = the length of the plunger stroke, 


in feet, after the runner is filled, 


ll 


Lr = the length of the charge, in feet, 
as it passes through the runner, 
and 4 

Le = the length of the charge in feet as 


it passes through the gate. 
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loy, which is taken as 160 lb. per cu. 
ft. at 650 C. (1200 F.)). 


The equal volumes may be factored 
out of all terms of the energy equation, 
reducing it to 


Dm = (Va? — Vr*)160/2g + pr + pe + 
pa +z X 160 


Dm 1s the actual pressure in the metal 
in the cold chamber. The assumption 
that it is equal to the hydraulic system 
pressure in the pump or accumulator 
multiplied by the ratio of hydraulic 
piston area to metal plunger area may 
lead to serious discrepancies because 
of friction losses in the piston and the 
plunger, fluid friction losses in the 
hydraulic system, etc. Reliable means 
must be found for evaluating the actual 
metal pressures. 


g = the acceleration of gravity, 32.16 

ft. per sec. per sec. 

Va = the velocity in feet per second of 
the metal flowing through the 
gate jet, the average of the 
velocities at all points of the 
gate cross-section being meant, 

the uniform velocity in feet per 
second of the metal plunger = 
VeAa/Ap, 

Vr = the average velocity across the 

runner cross-section in feet per 
second = VgAg/Ar 


» 
ll 
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Vz = the average velocity at the en- 
trance of the runner in feet per 
second (in this present die de- 
sign, Vz = Vr), and 

pr = the loss of pressure in the metal, 
in pounds per square foot 
across the smallest cross-sec- 
tion of the runner, See Auid 
friction in the 
0. 133(4)"Ip'"Vn'/4/2ra/* @). 


At the two lowest steps of pressure 
computed and tabulated below, namely, 
approximately 68,000 Ib. per sq. ft. and 
137,000 lb. per sq. ft. the Reynolds num- 
bers are less than 200,000. For the steps 
above 137,000 Ib. per sq. ft. the Reynolds 
numbers will be in a higher range, which 
will require that the coefficient = 
0.133 (Rz)~‘/* = 0.133 (u/Vrpre) /* be re- 
placed by the modified form at the foot 
of page 42 of reference 3, or by that of 
Drew, Koo, and McAdams (12). This 
has been done in the computations of 
the higher pressure and velocity steps 
as shown in Table I. The modified 
» = 0.00357 + 0.3052/(2Rz)°**. Then 
in that higher Rg range, 


Pp = Vr? X 0.058 + 
0.3052] 19- 35p2.0— 0.357 p20. 35 /(Qrp)!-oF 0.35 


wis the viscosity of the molten aluminum 
alloy. The viscosities of pure aluminum 
and of aluminum alloy have been pub- 
lished for ranges of temperatures (4). 
The values given for silumin at 650 C. are 
0.04036 and 0.03960 poise. Take 0.040 
asthemean. As consistent pounds, feet, 
and seconds units must be used through- 
out the calculations, this 0.040 value 
must be multiplied by the factors 6.85/- 
0.0328 X 10° to express poises as slugs 
per ft. X sec. (5). 


1 = the length of the runner in feet, 
2.125 in./12, 
p = the density of the metal in slugs 
per cubic foot, taken as 160/ 
32.16 = 4.97, 
rr = 0.02725 ft., the radius that corre- 
sponds to the area Ar, 
loss of pressure in the metal in 
pounds per square foot due to 
hydraulic friction losses at the 
sharp-edged circular entrance 
to the runner and at the abrupt 
quarter turn. = (0.5 + 
1.0) Vr2/2g (6, 7, 8), and 
pe = loss of pressure by friction in the 
gate = 0.15V°¢/2g (5, pp. 293, 
288, 95, 96, 103, 295; 8, p. 136; 
9). 


I 


PE 


The validity of applying these co- 
efficients is based on noncompressibility 
(5, p. 206). Molten metals are probably 
only very slightly compressible as com- 
pared to water, if we may reason from 
the known low compressibility of mer- 
cury and its slight change in viscosity 
under high pressure (11). Liquids of 
large molecule structure such as oils are 
known to be more compressible, and 
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their changes in viscosity are relatively 
enormous (5, p. 178, 179; 10). 

The pressure loss coefficients 0.5, 1.0, 
and 0.15 in pg and pg are probably 
reasonably accurate if there is no cavita- 
tion in the channels. Examination of 
the flow markings might verify this. 
The critical diverging angle of 6 deg. for 
water, at which a marked rise in loss 
occurs, should be recalculated for molten 
metal or investigated physically (3, pp. 
54-56; 5, pp. 293, 288, 95, 96, 103, 
295). Any excessive increase in channel 
area at above the critical rate of diver- 
gence may markedly increase these co- 
efficients. That, in turn, would affect 
the die filling time. 

z X 160 is the pressure head in pounds 
to be overcome in lifting the metal 
through the height, z in feet, from the 
center of the plunger to the gate dis- 
charge side. As this is a small fraction 
of 1 per cent of the least metal pressure 
being considered in these computations, 
this term will be omitted in all the subse- 
quent work. 


SIMPLIFIED FLow EQUATION FOR THE 
CoMMITTEE’S DIE 


The above equation of pressures may 
now have substituted in it the numerical 
values relating to the die under con- 
sideration. The flow equation of the die 
then reduces to 


= Vq(2.49 + Ac? 4300) + 
Va'l*Ac'/* X 13,800 


This applies to Reynolds numbers under 
200,000. The gate velocities below 300 
ft. per sec. in Table I, and metal pres- 
sures below 200,000 Ib. per sq. ft. corres- 
pond to Reynolds numbers in the lower 
range. For higher Reynolds numbers 
and high gate velocities, the modified 
coefficient \ above is substituted. For 
those higher velocity and _ pressure 
ranges, 


Pm = VerX(2.49 + Ac? X 15,010) + 
Val. Ag X 31,460 


To produce Table I, various assumed 
uniform gate velocities, Vg, and gate 
areas, Ag, have been substituted in 
these equations to ascertain the corres- 
ponding unit pressures p,, on the metal 
in the sprue. The _ corresponding 
theoretical time, or nominal time in 
seconds to fill the die, readily follows 
from the various assumed gate veloci- 
ties. The time to fill the die is based on 
uniform plunger velocity during the die- 
filling portion of the plunger stroke and 
is based on the gate cross-section being 
full. The formula is simply 0.005715 
cu. {t./AgVg. The sixth and seventh 
columns of Table I are the nominal 
speeds of filling the die if the metal were 
poured through the gate at the stated 
gate velocities and gate areas and were to 
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fill respectively the thick portion of th 
casting at the legs near the upper en 
and the thin plate section near th 
middle of the casting length. In othe 
words, the figures in the sixth and sey- 
enth columns are the rates at which the 
molten metal would fill in along the 
walls of these portions of the die, if t 
filling operation were to proceed in am 
ideal uniform manner. Actually, as: 
shown by etching flow lines, the metal, 
streams from the gate and, striki 
cores, die corners, and other obstruc- 
tions, eddies laterally and backward int 
die recesses nearer the gate before the 
most remote recesses are filled. | 

However, these nominal filling rates 
taken in comparison with the time oj 
solidification of the surface film of the 
casting under various metal die tem: 
perature circumstances, may lead td 
criteria of operating conditions for satis 
factory castings from the standpoint o 
surface finish and cold shuts. The 
metal streams mentioned in the pre 
ceding paragraph heat the mold surface: 
by continuing to wash over them and dq 
not make visible flow marks and colo 
shuts. Therefore, the above filling rates 
may be found useful, if studied. 

The cross-section of the thick portion 
of the casting at the legs has been comy 
puted as 0.01394 sq. ft. The formula fof 
the filling velocity at this portion i 
AeVe/0.01394. The cross-section a 
the thin plate including the side ribs ii 
0.00542 sq. ft. 


PossinLE FurTHER APPLICATIONS Oi 
Tuis ANALYSIS 


The flow equations might be applied 
in another way. They could be used t: 
find coefficients. If measurements ¢a: 
be made in the molds to ascertain thd 
metal pressure and filling time und 
steady-state conditions, or with a« 
curate allowances for accelerating of thi 
plunger and variations in metal pressu 
through the stroke, then the implied 
velocities can be ascertained. Th 
velocity and unit pressure can then kt 
substituted in the equation, and al 
over-all coefficient be found. By rej 
peating this process with various values: 
the coefficients for various portions ¢} 
the channels might be derived b 
elimination between the simultaneou; 
equations thus formed. 

The over-all coefficient of dischargt 
could be measured on the die, in t 
absence of instrumentation for measu) 
ing metal pressure, by setting up the di’ 
to allow of pumping water through : 
pressures that will produce Reynolo 
numbers equivalent to the ranges | 
velocities used with molten aluminuti 
The discharge at a steady rate would Ii’ 
caught and its volume measured. i 

The coefficient for the runner alom' 

| 


ould be measured by removing the gate 
msert. Similarly the discharge charac- 
ristics of various gates could be mea- 
sured by themselves. 

| If the instantaneous plunger speed 
‘an be measured accurately, and if the 
jate cross-section can be proved to be 
ept filled so that Ve = V,A,/Ag is 
true, the pressure on the metal can be 
fomputed from Vg and compared to the 
fominal metal pressure delivered by the 
draulic system. This would give an 
jadication of the magnitude of losses in 
ae hydraulic system. 
Another interesting study, which 
Jould be carried out merely by computa- 
fon from the available data, would be 
tlot the properties of molten silumin 
tver the range of casting temperatures 
fsed in practice. The data of Polyak 
wnd Sergiev (4) might be used, or any 
thers available. The density variation 
if the metal with temperature can be 
alculated, or data might be looked up. 
‘hese constants could then be inserted 
nto the flow equations, to find how 
fnuch change in velocity and filling time 
yould be produced by varying the cast- 
ng temperature through its ordinary 
ractical range. 

The magnitude of the work performed 
n the metal when forcing it into the die 


ile time-honored way 
) determine the bond stress between 
merete and steel is to measure the 
*rces and displacements which occur 
}hen a steel bar is pulled out of a block 
f eoncrete in which it is embedded. 
his is a well-known procedure. But 
Ne principal deficiency of the method 
! also well recognized—that the stress 
a the bar decreases with the length and 
bndition of embedment from a maxi- 
‘um at the point where the bar enters 
he concrete, to perhaps zero at some 
joint in the embedded length. If the 
ull-out force and length of embedment 
jre great enough, bond failure will occur 
ear the point where the bar enters the 
»onerete before any bond stress is pro- 
yuced at the opposite end. 


TOTE.—DISCUSSION OF THIS PAPER IS 
WNVITED, either for publication or for the at- 
imtion of the author. Address all communica- 
Jons to A.S.T.M. Headquarters, 1916 Race St., 
jhiladelphia 8, Pa. f ‘ 

1Professor of Civil Engineering, The Johns 
Jopkins University, Baltimore, Md. 

12 Assistant Professor of Civil Engineering, 
ehigh University, Bethlehem, Pa. 
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might be considered per se. All of the 
energy imparted to the charge is ex- 
pended in friction and in accelerating it 
from rest. Both are converted only to 
heat, the latter when the stream strikes 
stationary surfaces in the mold cavity. 
Therefore, for any particular case, 
PmApLy ft-lb. are expended in heating 
the charge and the die cavity walls 
locally. If the energy would be entirely 
applied to heating the charge, p,A,L,/- 
778.1 = 0.005715 X wtc, in which w is 
the weight per cubic foot of aluminum 
alloy (160 lb.); ¢ is the rise in tempera- 
ture in deg. Fahr.; and c is the specific 
heat 0.2510 of aluminum at 1250 F. 
ApLy = 0.005715 cu. ft. Then at a 
pressure on the metal of 875,200 lb. per 
sq. ft., the metal temperature in the 
casting would be raised 28 F., if the 
energy is used in heating only the cast- 
ing. It would actually be less than this, 
perhaps half as much, since some of the 
friction and impact heat passes into the 
die blocks. The heat that passes into 
the walls of the die is probably localized 
in projecting corners of the die and at 
the gate constriction. 
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Concrete 


Obviously, it would be desirable to re- 
tain the simple concept of this “normal” 
pull-out test and at the same time avoid 
its main inadequacy by producing, as 
nearly as possible, a uniform bond stress 
throughout the embedded length. 
Then it would be possible to study the 
development of bond stress through a 
range of values from inception to fail- 
ure. An approach to this ideal was at- 
tempted by the junior author in connec- 
tion with dissertation research on bond 
phenomena at Johns Hopkins under the 
direction of the senior author. His ex- 
periments will be referred to as “modi- 
fied”’ pull-out tests. 


DESCRIPTION OF TEST SPECIMENS 


In order to approximate uniform dis- 
tribution of bond stress, a system of tele- 
scoping steel tubes was devised by 
which it was hoped to transmit predeter- 
mined forces to embedded segments of 
tubing 1 in. in outside diameter and ap- 
proximately 1 in. in length in the direc- 
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tion of the pull. Five-segment speci- 
mens were employed, with a total em- 
bedment of approximately 5 in. The 
lengths of the bond segments varied 
somewhat because transmitting tubes 
were not available of precisely the cross- 
sectional area necessary to transmit ex- 
actly equal forces. By varying the 
lengths of the segments slightly, a sur- 
face area was provided in each segment 
so that, when acted on by uniform bond 
stress, the segment would provide a re- 
sisting force equal to that transmitted 
to it by the particular transmitting tube 
to which it was attached. These forces 
varied directly with the cross-sectional 
areas of the available tubes and inversely 
with their lengths. 

Figure 1 shows an assembly sketch of 
a five-segment bar specimen with the 
separation between segments greatly 
exaggerated so as to reveal the internal 
arrangement including the lead wires 
connected to the several electric strain 
gages. Actually, the ends of the seg- 
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A View OF BOLT BEFORE 
SILVER SOLDERING TO 
NESTED SET OF TUBES 


7/8" STANDARD COUNTER SUNK SO AS 
MACHINE BOLT TO FIT OVER OUTER SECTION 
TRANSMITTING TUBE 


Fig. 1—At Left: Assembly Sketch of Segmented Bar; At Right: Cross-Section of Five- 
Segmented Bar Specimen. 

ments were barely separated from one 

another by a very thin layer of wax 

which was pushed into the joints in order 

to prevent moisture from the concrete 

from getting inside the specimen and Strain Gage 

also to prevent the formation of con- 

crete keys between segments. 

Figure 1 also shows, by diagrammatic 
cross-sections, additional details of the 
arrangement of the transmitting tubes; 
the bond segments attached to them by 
z-in. thick steel disk collars, silver sol- Strain Gage 
dered to both tube and segment; the po- 
sitioning of strain gages; and the 
method of attachment of the telescoped 
transmitting tubes to the head of the 
bolt through which the pull-out force 
was applied. 

Table I gives the pertinent dimen- Strain Gage 
sions of the transmitting tubes and bond 
segments. 

Excessive deflection or dishing of the 
steel collars attaching the bond seg- 


ments to the transmitting tubes would, Fig. 2.—Dishing of Collar Test. 
TABLE I.—DIMENSIONS OF THE TRANSMITTING TUBES AND BOND SEGMENTS. 
Trans- Outside . Length of 
a 4 Cross-Sectional Sear Length of Bond 
ar ao Pianieter, Gage rea, sq. in. Be rises Segments, in. 
NOs Decreases 1 22 0.0855 ib 1.0000 
INO. 4h: % 20 0.0924 11.25 1.0567 
IN On) Satretershshevs 34 18 0.1079 12.25 1.1332 
INO} 2c ss ichecsscie % 16 0.1144 13.375 1.1004 
INOW Acie cree Ye 12 0.1125 14.50 0.9982 
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of course, cause intolerable errors. The 
critical collar was obviously the one con- 
necting the innermost tube with the end 
segment, namely, the collar of maximum 
diameter. Figure 2 illustrates a specia! 
test that was conducted so that the dish- 
ing of this collar could be determined 
and its effect evaluated. The elonga- 
tions measured by the top, center, and 
bottom strain gages were designated as 
A, B, and C respectively. Since the 
center strain gage straddled the joint 
and recorded elongations over equal 
lengths of tubing, the dishing or deflec- 
tion, y, of the collar was computed by; 
the equation y = B — 3(A + ©); 
Tests revealed that the error involved a 
the critical joint was less than 5 per cat 

Electric strain gages were used t 
compare the test behavior of the speci- 
mens with design predictions. On 
A-7, SR-4 gage of approximately 12 
ohms resistance was mounted on thd 
inside at the mid-length of each bon 
segment. In addition, two (sometimes 
four) gages were placed around the cirii 
cumference of the outermost transmit 
ting tube. In order to obtain compa 
able results, the gages on the bond seg 
ments were applied along a common lin: 
parallel to the axis of the segmented bar 
Two gages were cemented to the outsidi 
of the outermost transmitting tube at :t 
distance 5 in. from the bolt head and 18) 


Joint under 


deg. apart. All internal gages we 
waterproofed by successive coatings 0} « 
liquid rubber compound brushed ov? 
the gage and then baked. | 
In order to secure a comparison, “N\))! 
mal” pull-out tests were conducted wi) 
unsegmented specimens. These ci 
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This was done because storage in a moist 


Applied 


Strains, microinches per inch indicated by 


room could possibly have damaged the 


orce, lb. 


Gage 1 Gage 2 Gage 3 Gage 4 
Sich eer 0 0 0 Broken 
AorR Set 0 1 -1 : 

Rad ia 0 0 —2 
Raat ote 2 0 —-1 
Pa elscarets 3 2 2 
5 eh 3 2 1 
Pe etthas Vf 5 5 
aati s 13 11 i 
sieckti. i's 14 11 8 
be ees ig 12 8 
BR tare 20 12 9 
eae an 23 18 11 
eaearee 24 20 15 
aeaie « 30 22 16 
Pps POE 31 27 18 
ace eee 40 38 27 
athtsndt =; = 40 40 29 
acer atanace 44 51 38 
Fo eae 51 62 48 
ee Sas ’eo 57 80 70 
Se ie 
; 126 
2800. 70 135 150 
& 2900 71 171 200 
= 2950—Failed at this load ate 
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Fig. 3.—Testing Rig for Measuring Slip. 
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aie 4.—Comparison of Strain in Outer Transmitting Tube for Five- 
Segment Reinforcing Bars. 
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strain gages. However, for comparison, 


Beas 6 by 12-in. control cylinders were both 
5 moist-room cured and ‘‘Clear Cured.” 
10 The former showed a 7- and a 28-day 
Ae strength of 1890 and 3410 psi.; the lat- 
ie ter, 1720 and 2615 psi. All specimens 
51 were cast in 3-in. plywood forms so that 
es the concrete blocks were 6 by 6 in. in 
if cross-section and equal to the length of 
90 embedment parallel to the pull. 

103 Terstinc PRocEDURE 

ne Slip Measurements: 

112 Although the primary purpose was to 
are develop and prove a technique for apply- 
104 ing a nearly uniform load along the em- 


bedded length of a bar, a secondary ob- 
jective was to correlate this applied force 
with slip. The authors are indebted to 
Arthur P. Clark for suggesting the 
method for making slip measurements; 
the device employed was patterned ex- 
actly after that used by him previously.‘ 
Figure 3 shows this rig in such detail 
that descriptive text is hardly necessary. 
It need only be said that slip at the 
loaded end of the steel specimen was 
taken as the average of the readings of 
the two gages at either end of the bar 
supporting them. These readings were 
corrected for the elongation of the speci- 
men in the 1l-in. length between the 
point of attachment of the yoke and the 
face of the concrete. The slip at the 
free end was read directly from the gage 
attached to the top face of the concrete 
block by bolts screwed into nuts cast in 
the concrete. All three gages were of 
the 0.0001-in. dial type. 
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Fig. 5.—Comparison of Strains in Bond Segments of Five-Segment 
Reinforcing Bar. 
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ted simply of steel tubes 20 in. long, 1 
) in diameter, with }-in. wall thickness. 
‘The concrete in which the previously 
scribed bars were cast was made of 
talsand and gravel, the latter being of 
‘alf-inch pea” variety. The cement 


met A.S.T.M. specifications for type I 
cement(C-150).* Proportions by weight 
were 1:2.28:2.94; water-cement ratio 
7.03 gal. per sack. Curing was effected 
by the use of ‘Clear Cure” sprayed on 
the concrete a few hours after casting. 
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Strain Measurements: 


The strains in the several bond seg- 
3 1949 Book of A.S.T.M. Standards, Part 3, p. 


il, 

4 Arthur P. Clark, ‘‘Comparative Bond 
Efficiency of Deformed Reinforcing ars,’” 
Journal, Am. Concrete Inst., Vol. 18, No. 4, Part 
I, December, 1946; Proceedings, Vol. 43, p. 386. 
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TABLE III.—STRAIN AND SLIP RESULTS FOR FIVE-SEGMENT REINFORCING BARS. 


Specimen No. 6 


Specimen No. 8 


Specimen No. 14 


Specimen No. 16 


Eta: coved Slip, in. 

‘ Slip, in. P : Slip, in. Applied d 
Applied , Applied Applied i pp 2 A eee 
Perce : Loaded moe Force, Strain? | Force, Strain? Tonied Ties Force, Strain? Loaded Free 

Ib. End End Ib. End End End End 

0.. 0 0.. 0 0.. 0 0 0 om 0 0 ea. 

80.. 0.6 x 10-4 | 0 100.. 10 100. 6 0.2 X 10-4 | 0 120... 8 0.2 x 10-4 9 
180..| 0.7 0 200. 15 280... ; 21 5 0.8 0 200... 17 Q.1 0 
fasaa are r a 500..| 35.5 1.1 0 460.. 36 0.9 0 
400..| 1.1 0 520. 39 
500..} 1.2 0 600. 42 600..| 43 1.6 0 600... 45 1.3 0 
600..} 1.6 0 750. 51 700... 50 5 1.7 0 700... 53 1.7 0 
Ps ia ? oR i 500.:| 67 213 0 950... 67 2.1 0 
900..| 2.2 0 1000. 69 : 
1100..| 3.0 0 1150. 78 1000..) 75 2.5 0 1050... 76 2.5 0 
1270..| 3.3 0 1250. 82 1150... 82 2.9 0 1150... 82 2.6 9 
oe ims : a tes = 1350.1] 97 3.5 0 1450..| 101 3.5 0 | 
1650..| 4.2 0 1500. 98 
1750..| 4.6 0 1600. 101 1500..) 105 3.9 0 1550..| 107 3.9 9 
1950..| 5.5 0 1700. 105 1600. | 114 4.1 0 1650. 4 112 4.5 0 
120. ; é 1700.. ‘ i : 
epshahl , Wee ae 1800..| 126 5.0 0 1800.:| 123 5.0 0 
2280..| 6.4 0 2050, 115 
3500, 7.7 0 2200. 119 1900..) 130 5.5 0.1X 10-4 2050..| 133 6.7 0 
2700..| 9.3 0 2350. 112 2000. 131 8.2 Q-1 2200. : 141 8.1 9 
3 9 . ee . - oe . 
eve pees 2 wer ae 2200..| 128 10.7 0.2 2500..| 147 11.5 0 
3100..| 12.9 0 2600. 112 
3300..| 21.7 0.5 X10-4| 2720. 111 2300..| 129 12.5 0.2 2650 147 13.8 0 
3470..| 26.0 0.5 2800... 104 2400..| 127 14.2 0.3 2790 150 16.2 0 
3570..| 29.5 0.5 2900. 2500..| 126 16.2 0.3 2900 148 1915 0 
3700. .| 33.1 0.5 2950— Failed: at | 2600..| 126 19.0 0.4 3050 148 «| 21.0 0.1 xX 1s 
epee 2700 124 21.0 0.5 3150 149 22.5 0.2 
3800..| 33.5 0.5 2800 125 22.8 0.6 3300 151 25.0 0.2 
3900..| 37.3 1.0 2900 120 25.1 0.7 3400 149 27.0 0.4 
4000..| 37.7 1.0 3000 119 28.6 0.8 3530 149 30.0 0.6 
4100..| 41.7 : 
ia 3100 119 30.6 0.8 3650 148 31.6 0.8 
4200.. 45.0 1.5 3200 115 33.9 0.9 3750 148 32.5 0.9 
4300... Tae 3300 115 36.4 1.0 3850 147 34.5 1.0 
4400_-Failed approaching this load 3400 118 37.0 1.0 3900 147 36.0 tai 
3500 116 40.6 re 3980 144 37.6 1.2 
3600 113 43.4 1.2 4050. 146 38.8 1.4 
3700..| 109 47.4 1.6 4100. 40.2 1.8 
3800..| 110 iNT 1.8 4200-Failea eae this load 
3950—Failed at this load 


* Strains in outer transmitting tube in microinches per inch. 


ments, as indicated by the SR-4 strain 
gages, were measured by a portable 
SR-4, type K strain indicator manu- 
factured by the Baldwin Locomotive 
Works. Because a number of gages had 
to be read in rapid succession, and in 
order to eliminate variations of resist- 
ance in switching, a ten-pole switching 
box was built. It contained a paralleled 
bank of Mallory 1361-L switches ar- 
ranged so as to allow only one dummy 
and one active gage in the circuit at one 
time. 


Load Application: 


All specimens were tested in a 50,000- 
Ib. capacity Riehle Universal Testing 
Machine, the load being applied in incre- 
ments of about 100 1b. For each incre- 
ment, three slip dial gage readings and 
usually six strain gage readings were re- 
corded. As it was not practical to re- 
cord the readings simultaneously, the 
testing machine was stopped after each 
increment and the readings taken as 
quickly as possible. The time interval 
between complete sets of readings was 
between 2 and 3 min. 


RESULTS AND Discussion 


As has been stated previously, one 
purpose of this research was to demon- 
strate whether or not a nearly uniformly 
distributed reaction to a pull-out force 
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INCHES OF SLIP AT LOADED END 
Fig. 6.—Load-Slip Curves for Several Five-Segment Reinforcing Bars. 


could be produced along the length of an 
embedded bar designed for this purpose. 
It is believed that the following evi- 
dence, though not absolutely conclusive, 
will indicate that the test specimens 
acted essentially in accordance with 
their design. 

In order to meet printed space re- 
strictions, it has been possible to include 
only a fraction of the data. However, a 
conscientious effort has been made to 
select examples typical of both consist- 
ency and variation. Data from which 
the curves (appearing in Figs. 4 through 
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9) were plotted may be found in Ta!’ 
It) Tit TV: 

Figures 4 and 5 are offered as } 
dence that the segmented specimens 
haved as they were intended. Int 
figures, strain is plotted against | 
pull-out force and bond stress. | 
bond stress ordinate was obtained 
dividing the applied load by. the + 
bedded surface area of 16.6 sq. in. — 

In Fig. 4 the strain in the outer! 
transmitting tubes follows the dé 
value closely until the applied | 


reaches a value of about 1000 lb.; | 
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to say, these tubes were taking their 
per share of the load at least to the 
i it indicated. 

‘In Fig. 5 strain in the outermost tube 
» the assembly corresponds well with 
sign values. But the strains meas- 
2d in the bond segments, although 
Suped in a definite band, are much 
saller. The grouping of the strains 
orded by these gages shows that the 
‘nd segments to which the gages were 
jached, together with the outermost 
insmitting tube, were each receiving 
“proximately an equal share of the 
al applied force. 

BLE IV.—SLIP RESULTS FOR TYPICAL 


RMAL PULL-OUT SPECIMEN (UN- 
o SEGMENTED BAR). 
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INCHES OF SLIP AT LOADED END 
Fig. 7.—Load-Slip Curves for Several Unsegmented Reinforcing Bars. 


ever, were mounted at the midpoints of 
l-in.-long bond segments embedded in 
concrete. Since each segment was act- 
ing in itself as a normal pull-out test, 
with strain in the segment varying from 
a maximum at one end to a minimum 
at the other, these gages were necessarily 
recording smaller strain for a given pull- 
out force than were those on the outer- 
most transmitting tube. The'fact that 
these gages were mounted on the inside 
surfaces of the bond segments whose 
outer surfaces were receiving load 
through bond with the concrete, whereas 
the gages on the outermost transmitting 
tube were recording a strain uniformly 
distributed over the tube cross-section, 
is another factor in the wide discrep- 
ancy in their order of magnitude. 


250 
200 
a) 
} iso * 
o 5) - 
nn 
G 3 
re 2 
ec i 
fo} n 
we 100 o 
= 
fo) 
a 
50 
a g o oO [e) nu t 0) 
pe sae A bean ae eiersiewses oe gs ae 
Speen Ss 8 SES PP SiO RALOy nO SOURS 
o co) fo} fo} ° co} ro} lo} fo} ° ° ° 


INCHES OF SLIP AT LOADED END 


Fig. 8.—Comparison of Load-Slip Curves for Normal Pull-out Specimen and Five-Seg- 
ment Bar Specimen. 
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INCHES OF SLIP AT FREE END 
Fig. 9.—Comparison of Load-Slip Curves for Normal and Five-Segment Pull-out Tests. 


The question naturally arises as to 
the inequality of the recorded strains 
measured above. Part of the answer 
lies in the positioning of the electric 
strain gages. Those on the outermost 
transmitting tube were measuring the 
strain in this tube before it entered the 
concrete. The remaining gages, how- 
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It is regretted that these circum- 
stances were not foreseen. Undoubt- 
edly a more convincing demonstration 
would have resulted had the strain gages 
been placed directly on each of the tele- 
scoped transmitting tubes, instead of 
on the bond segments attached to them. 

These data verify, by inference, the 
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principle of the segmented pull-out bar. 

The slip curves shown in Fig. 6 indi- 
cate some interesting possibilities. One 
notices immediately that each load-slip 
curve is made up of three parts which 
may be described as (1) a straight line 
for low applied loads, (2) a curved line 
for intermediate loads, and (8) a 
straight, relatively flat line for high 
loads. By comparing these curves with 
the strain curves in Fig. 4, one notes 
that (1) the straight portion of the slip 
curve corresponds generally to the por- 
tion of the strain curve that follows the 
design strain line; (2) the curved por- 
tion of the slip curve corresponds to the 
portion of the strain curve that curves 
away from the design strain line; and 
(8) the straight, relatively flat portion of 
the slip curve corresponds to the portion 
of the strain curve in which strain values 
tend to diminish. This may indicate 
that there are three stages of failure in 
bond for the type of concrete and bars 
tested, with the second stage beginning 
at a bond stress of 60 to 70 psi., and the 
third stage beginning at around 125 psi. 

It is well to note at this point that the 
greatest strain indicated in the outer- 
most transmitting tube was approxi- 
mately 250 microinches, corresponding 
to a stress of 7500 psi. Since this is well 
within the elastic limit of cold-rolled 
steel tubing, the large movements for 
small increments of load must be due to 
slip and not to yielding of the tubing. 

Except for the absence of electrical 
strain gages, normal pull-out specimens 
were tested in the same manner as the 
modified pull-out specimens. Figure 7 
shows load-slip curves for three normal 
pull-out specimens. These curves do 
not show the three stages of slip that 
were indicated in the segmented bar 
tests. Since, by the method of measure- 
ment employed, slip at the free end was 
not observable until load applications in 
the neighborhood of 3000 Ib. were 
reached, it may be inferred that up to 
this point the bar was practically an- 
chored near its free end. Therefore, 
what is shown as slip in Fig. 7 below 
about 3000 Ib. is, in large part at least, 
the elastic elongation in the bar. 


Virginia Polytechnic Institute 
Summer Program 


During the first of a two-term, summer 
session professional engineering and gradu- 
ate program Virginia Polytechnic Institute 
will feature a series of lectures on ‘‘Re- 
laxation Methods.” 

The *‘packaged” summer program will 
extend from June 14 to July 22 and from 
August 2 to September 9, 1950. 

Sir Richard V. Southwell will come from 
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Figure 8 shows a comparison of typi- 
cal load-slip curves for the normal and 
modified pull-out tests. These curves 
show that the segmented bar slip is al- 
ways greater than the unsegmented bar 
slip for any applied load. The seg- 
mented bar slip curve suggests that in a 
limited range of load-slip proportional- 
ity, bond is purely elastic. For the 
2600 psi. concrete which was used in all 
tests, the proportional limit appears to 
be reached for this specimen at a bond 
stress of approximately 70 psi. This 
point is analogous to the yield point in 
steel and perhaps, in the future, if veri- 
fied by more data, may be referred to as 
the limit of elastic adherence. 

One might expect to have an accu- 
mulated slip effect by repeatedly de- 
veloping bond stresses greater than the 
limit of elastic adherence and that this 
would result in ultimate bond failure at 
low loads. In fact, during some pre- 
liminary testing, one of the segmented 
specimens began to indicate progressive 
bond failure at a stress of about 0.04f’, 
and failed completely after only twelve 
applications. On the other hand, an- 
other segmented specimen was tested 
within the region of proportionality be- 
tween slip and strain, that is, below the 
limit of elastic adherence indicated in 
Fig. 8, and showed no signs of accumu- 
lated slip after several hundred appli- 
cations. 

The A.C.I. “Building Regulations for 
Reinforced Concrete” specify a 0.04f’, 
as the allowable bond stress for plain 
bars, which, in terms of the concrete 
used in these tests, is 104 psi. It is 
noted that this value is considerably 
above the point of elastic adherence 
mentioned above. 

Figure 9 shows a comparison of the 
load-slip curves for both normal and 
modified pull-out tests. The slip was 
measured at the free end. Slip gage 
readings below a value of 0.00005 were 
not considered reliable, and the curves 
of Fig. 9 are extrapolated below this 
value. When the values of slip indi- 
cated by the upper ends of the curve 
were reached, bond had apparently been 
destroyed along the entire embedded 


England to present his technique of Re- 
laxation Methods. He has been knighted 
for his pioneering work in this and other 
fields. His three books received wide 
acclaim. Dr. Southwell was formerly a 
professor of engineering science at Oxford 
and Rector of the Imperial College of 
Science of Technology, London, and is 
currently devoting his entire time to the 
research in Relaxation Methods and their 
application to engineering and industrial 
problems. 
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length of the specimens, and the 
gage at the free end and those at the 
loaded end moved at the same rate. It 
is apparent, that the slip at the free end 
at final bond failure was generally of 
the same magnitude for both segmented | 
and unsegmented specimens. 


i 
CONCLUSIONS 


The results of tests performed on both | 
normal and segmented pull-out speci-| 
mens lead to the following conclusions: } 

1. Thesegmented bar pull-out speci- | 
men behaved essentially in accordance} 
with its design. 

2. Bond measurements conducted | 
with it show progressive details of the| 
bond phenomenon which cannot be re-} 
vealed by the normal pull-out specimen. 

3. These details make possible ani 
evaluation of the limits of bond resist-t 
ance not hitherto obtainable. 

The authors wish to point out that; 
similar tests may be performed on de-s 
formed reinforcing bars by attaching 
small lengths cut from the bars to trans-8 
mitting tubes. They would also like to 
suggest that the method lends itself tos 
the measurement of the adherence 9 
materials other than steel and concrete. 
The tests described were performed only| 
to prove a technique, and it remains fe 
future investigators to develop its various} 
uses. To prove conclusively that thej 
slip interpretations as advanced in this 
paper are correct, a detailed statistically 
analysis of numerous tests should be 
made. 
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